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Chapter 1 ®) 
Introduction ml 


The history of computational algorithms, numerical methods, and data analysis has 
long been understudied in the history of mathematics, particularly outside the area 
of early modern and modern Western mathematics. Many founders of the modern 
discipline of history of mathematics in the nineteenth and twentieth centuries shared 
a professional bias in favor of identifying the essence of mathematics with elegant 
and rigorous demonstration of abstract propositions, which was viewed by most of 
their contemporaries as the highest form of mathematical endeavor. They largely 
disregarded the evolution of more plebeian or mechanical mathematical activities, 
such as approximating numerical parameters, constructing tables of function values, 
and optimizing computational performance. It has only recently started to become 
apparent how much interesting material the pioneers of history of mathematics 
overlooked when they neglected the arts of “number-crunching.” The distorting 
impact of this historiographic bias on our understanding of the development of 
mathematics has been particularly severe in the case of non-Western mathematical 
traditions that emphasized computational methods over proof structures. 

The historical role of numeric-array tables in texts treating quantitative sciences 
and the computational methods used to generate such tables have begun to receive 
increased scholarly attention in the last few decades, particularly from historians 
of mathematics and astronomy. Edited collections such as Campbell-Kelly et al. 
(2007), Husson and Montelle (2014), and the forthcoming Husson et al. (Forth- 
coming) and Tournés (Forthcoming) bring together specialized studies on scientific 
tables in various periods and cultures of inquiry ranging from pre-classical antiquity 
to the twentieth century and from East Asia to North America. 

Our knowledge of the role and nature of numerical tables within scientific 
traditions is farther advanced in some areas of specialization than in others. For 
instance, research on construction and use of tables in the Islamic world has 
benefited from both broad surveys and investigations into specific aspects, but 
there remains an enormous amount of unstudied and unpublished material: of 
the approximately 200 extant Islamic astronomical handbook/table texts (zijes), 
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only a handful have been scrutinized in detail. The study of numerical tables 
in European manuscripts and early printed works is another “growth field” just 
beginning to tackle its immense store of resources. Likewise, the use of tables in 
ancient Mesopotamia, Greece, Egypt, and China has recently been addressed, but 
on the whole the genre remains extremely understudied.! 

Like other types of scientific texts, numerical tables in Sanskrit and other Indic 
languages tend to be more numerous, and even more neglected, than their coun- 
terparts in non-Indian textual traditions. Some early Indologists lumped together 
all Sanskrit astronomical texts as “tables,” while others distinguished more care- 
fully between tabular and theoretical works but deplored contemporary Indian 
astronomers’ preference for the former over the latter. Well into the twentieth 
century, this disapproving attitude kept the study of Indian exact sciences somewhat 
on the defensive. Research tended to focus on the many aspects of Sanskrit texts 
attesting to theoretical rigor, brilliant discoveries, geometric models, and other 
qualities conforming to the idealized depictions of Hellenistic and early modern 
European intellectual traditions that shaped modern conceptions of “science.” 
Sanskrit treatises with a strongly computational bent, and the creative numerical 
techniques used to produce them, received far less attention from historians.” 


'For Islamic tables, besides the publications cited above, overviews of the corpus or parts of 
it can be found in Kennedy (1956), King and Sams6 (2001), and Sams6 (2011): a revised and 
greatly expanded version of the former is currently in preparation by Benno van Dalen, building 
on van Dalen (1993). Studies of individual zijes or their features include, among many others, 
Nallino (1899-1907), Debarnot (1987), Van Brummelen (1991, 1998). Many more such studies 
are underway, particularly in the ongoing Ptolemaeus Arabus et Latinus project (ptolemaeus. 
badw.de), which also explores a number of Greek table texts. By far the most important of these 
Greek works, the Handy Tables of Ptolemy, has been analyzed most recently in Tihon (2011) and 
Mercier (2011); the somewhat fragmentary remainder of the Greek table corpus is discussed in, 
e.g., Jones and Perale (2013), Jones (1999), Sidoli (2014), and Van Brummelen (1993). Much 
of the very prolific genre of cuneiform astronomical tables has been examined in Neugebauer 
(1983) and Ossendrijver (2018), and their investigation continues in works such as Steele (2006, 
2010). Egyptian tables were first systematically surveyed in Neugebauer and Parker (1960-1969); 
much of this information, along with a great deal of related research—e.g., Symons (2016)—is 
summarized and organized in the Ancient Egyptian Astronomy Database (aea.physics.mcmaster. 
ca). Some of the sources treating Chinese tables include Martzloff (2000, 2006, 2016), Yabuuti 
Kiyosi (1974/1994), and chen (1992). The vast genre of Latin and other medieval/early modern 
European astronomical tables is not discussed at all here due to lack of space; but see, for example, 
Chabas and Goldstein (2012) and the analyses of many of their trigonometric and logarithmic 
tables at the LOCOMAT project (locomat.loria.fr). 


>The indiscriminate assignment of all Sanskrit astronomical works to the category of “tables” is 
partly due to earlier scholars’ use of that term to refer to any astronomical system, and partly to 
the ignorance of many of them about this genre (as when H. Poleman in his catalogue of Indic 
manuscripts in North America describes (Poleman 1938, p. 246) the “Miscellaneous Bundle” at 
Columbia University, containing several complete handbooks and table texts as well as individual 
tables, as “[a] collection of several hundred miscellaneous folios, mostly tables not important 
enough and not bearing sufficient information to identify at all”). Even some Indologists who 
avoided such errors and were otherwise quite sympathetic to Sanskrit jyotisa maintained a rather 
dismissive attitude towards table texts; consider, for example, the remark of the early nineteenth- 
century student of siddhadntas Lancelot Wilkinson to the effect that “the foundation of such little 
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Not until the work of David Pingree (occasionally in collaboration with Otto 
Neugebauer) beginning in the mid-1960s did Indological scholarship undertake 
systematic and comprehensive analysis of Sanskrit astronomical tables. After the 
initial groundbreaking catalogues and studies, this subject was to some extent 
displaced by more general projects for the documentation and study of manuscripts 
in all fields and genres of the exact sciences in Sanskrit. In the meantime, recognition 
of the importance of the astronomical tables genre as a witness to the aims and 
activities of Sanskrit science in the second millennium has continued to grow, 
along with the propagation of ever more powerful and versatile digital tools for 
analyzing tables.* If the ongoing and emerging successors to Pingree’s endeavors 
are to continue progressing in their mammoth task of mapping and rationalizing 
the vast corpus of Sanskrit scientific manuscripts, they will need an up-to-date, 
more accessible guide to Sanskrit astronomical tables as far as they are currently 
understood. Such a guide is what the present work seeks to provide. 

We begin in Chapter | with an overview of Indian mathematical astronomy 
and its literature, including table texts, in the context of history of pre-modern 
astronomy in general. Chapter 2 discusses the primary mathematical astronomy 
content of table texts and describes the various attempts at a taxonomy of this 
genre. Chapter 3 sketches the broad outlines of their representation in the Sanskrit 
scientific manuscript corpus, based on estimates and extrapolation from sampled 
manuscript repositories. In this chapter we also address the characteristics of table 
manuscripts as physical documents within established scribal traditions, as well as 
their notation conventions and specialized technical vocabulary. In Chapter 4 the 
major categories of individual tables compiled in these texts are surveyed, with brief 
analyses of some of the methods for constructing and using them. The chronological 
evolution of the table-text genre over the course of the second millennium, and 
the impacts of its changing role on the discipline of Sanskrit jyotisa, are treated in 
Chapter 5, while Chapter 6 extends these investigations to related topics in current 
and future research. Finally, Appendix A inventories all the identified individual 


knowledge as they display in predicting eclipses and the like, has, from [...] the almost universal 
practice amongst the jyotishis, of making all their calculations from tables and short formulae, 
couched in enigmatical verses, been allowed to fall into a state of utter oblivion” (Wilkinson 1834, 
p. 507). Emphasis on the achievements of Sanskrit mathematical astronomy according to modern 
criteria of precise geometric models, etc., is a constant theme in analyses of the corpus; see, for 
instance, Dikshit (1981, pp. 119-120) and Arkasomayaji (1980, p. xxi). 


3The primary studies and surveys of Sanskrit table texts by Pingree are Pingree (1970), Neugebauer 
and Pingree (1967), and Pingree (1968, 1973, 1987b, 1989). Much additional information about 
them appeared together with data on other jyotisa works in his manuscript catalogues such as 
Pingree (1984, 2003, 2004), and above all the immense Census of Exact Sciences in Sanskrit 
(Pingree 1970-94). Manuscripts on jyotisa are also described in Sarma and Sastry (2002) as 
well as innumerable catalogues of Sanskrit manuscripts in general in collections all over India, 
especially the magisterial New Catalogus Catalogorum project (Raghavan et al. 1968-2007). 
Various digital tools for storing and analyzing tabular data have been developed by Benno van 
Dalen (www.bennovandalen.de/Programs/programs.html). More recent database projects include 
“Table Analysis Methods for the history of Astral Sciences” (TAMAS) (tamas.hypotheses.org) led 
by Matthieu Husson and CATE (Computer Assisted Table Editing) (uc.hamsi.org.nz/cate/), which 
automates parts of the critical editing process. 
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works in this genre currently known to us, while Appendix B provides reference 
information about the details of all the notational, calendric, astronomical, and 
other classification systems that we invoke in this study. Appendix C is a glossary 
of the relevant Sanskrit terms, and Appendix D supplies a list of abbreviations, 
reference works and image credits for the manuscript collections containing the 
source materials discussed herein. 


1.1 Overview of pre-modern astronomy 


None of the major literate traditions of mathematical astronomy within the pre- 
modern Afro-Eurasian “Ecumene” can be fully understood in isolation from its 
neighbors.* In fact, it would be over-optimistic to describe any of these highly 
complex and incompletely preserved scientific disciplines as fully understood by any 
modern scholar. But much of what we do know about them is derived from piecing 
together the evidence of their interactions in encounters between trading partners, 
political rivals and allies, etc. Although each of these traditions devised its own 
unique concepts and methods for interpreting and predicting the appearance of the 
heavens, they all communicated at least to a limited extent with their counterparts 
elsewhere, as well as with other knowledge systems in various languages in 
their local culture areas. They all likewise drew on a common stock of observed 
fundamental astronomical facts. Hence we begin this introduction with a very rough 
sketch of the interlocking structure of the most influential traditions of mathematical 
astronomy in the pre-modern “Old World.” (For those traditions where neither their 
regional extent nor their textual corpus fits neatly into a single familiar geographic 
or linguistic category, we have somewhat awkwardly identified them using both 
their core cultural/regional identity and the dominant language of their scientific 
literature.) 


1.1.1 Mesopotamian and Egyptian 


Thanks to its wealth of surviving original documents in the form of clay tablets 
incised with cuneiform writing, the Akkadian-language astronomy of Mesopotamia 
in the last two millennia BCE is probably the best attested science of antiquity. By 


4“Mathematical astronomy” here means computational systems that rely on the (observed and 
assumed) periodicity of various celestial phenomena and some form(s) of spatial reference system 
and standardized time-units to predict quantitatively the approximate future course of (some) 
astronomical events. Some other studies restrict the term to systems of astronomical computation 
meeting particular criteria for abstraction, accuracy, mathematical complexity, etc. In this narrower 
sense, mathematical astronomy is generally held to begin with Late-Babylonian arithmetic models 
around the middle of the first millennium BCE; see, e.g., Neugebauer (1975, vol. 1, p. 1) and 
Ossendrijver (2012, p. 1). According to these criteria, many simple algorithms from earlier 
centuries such as those relating seasonal length of daylight to the lengths of gnomon shadows 
would not count as “mathematical” astronomy. 
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the early second millennium, scribes and diviners relied on a luni-solar calendar 
cycle with a year of 12 synodic (lunar) months. The day began at sunset, the month 
at the first visibility of the new lunar crescent, and the year at the start of the 
month associated with the vernal equinox. A “leap month” would be sometimes 
intercalated by administrative fiat to keep the first month more or less aligned with 
the start of the seasonal year. Each calendar month contained either 29 or 30 days 
depending on when the following new crescent was sighted at the end of it. A 
simpler scheme for administrative calculations assumed a more regular “ideal year” 
of twelve 30-day months (Brack-Bernsen 2007). 

Shorter time-units could be of seasonally varying length, such as the “watch” 
equal to one-third of the interval between sunset and sunrise on a given night, or 
of constant length, such as the us equal to one-sixtieth of an average day-and- 
night period. Time was measured by the outflow of a standard volume of water 
from a perforated container, by the lengths of gnomon shadows, or by the motion 
of designated stars across the night sky. The changing length of day and night 
over the course of the year was modeled by increasing and decreasing arithmetic 
progressions (“linear zigzag functions”) that determined the length of shadow or 
volume of clock-water appropriate to a particular time in a given month. The ratio 
in constant time-units of the year’s longest and shortest days was conventionally 
taken to be 1% (Hunger and Pingree 1999, pp. 81-83; Ossendrijver 2012, pp. 32- 
33). Timekeeping computations were apparently handled, like other complicated 
arithmetic, with the standard Babylonian base-sixty (“sexagesimal’”) place-value 
cuneiform number system including sexagesimal fractions (see, e.g., Hunger and 
Pingree 1999, pp. 44-45). 

Beyond its immediate practical purposes of calendar regulation, mathematical 
astronomy was rooted in Mesopotamian society’s view of the cosmos and its 
systems of divination. The traditional cosmology of Akkadian literature depicted a 
flat earth which the struggles of the gods had separated from the overarching heaven 
and the watery depths below. The sun, the moon, and the five visible star-planets 
(called the “wild sheep,” from their shifting positions among the fixed stars), along 
with some stars and constellations, were associated with particular deities in the 
Akkadian pantheon. For instance, Venus was assigned to the fertility goddess Ishtar 
and Jupiter to Marduk, the patron deity of Babylon. 

Foretelling future events from observed ominous phenomena was a central 
concern (see, e.g., Reiner 1995, pp. 3-14 and Rochberg 2004, pp. 44-97). The 
appearance and movements of human beings, animals, household objects, weather 
events, and celestial bodies were all considered fateful. The configurations of 
the sun, moon, and planets, being observable on the grand scale of the heavens 
and directly linked with the personae of the gods, were held to be especially 
significant, bearing divine messages about the fate of kings and realms. Although 
increasing theoretical power over time made their complicated periodic recurrences 
more precisely predictable, their importance as omens does not seem to have 
diminished. Observing, recording, interpreting, predicting, and neutralizing astral 
portents continued for many centuries to be a specialized profession underwritten 
by the governing apparatus of palace and temple. Of primary interest were the 
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following events: planetary “synodic phenomena” including the moments when they 
“retrograde” or change direction in the sky, their first appearance after sunset and 
last appearance before dawn; conjunctions of planets with one another or with the 
sun or moon or certain stars; and most important of all, the dreaded lunar and solar 
eclipses. 

A basic celestial reference system from the second millennium BCE combined 
the four cardinal directions with three parallel “paths” or bands running east to west 
across the sky: the central path associated with the god Anu, the northern “Path 
of Enlil,” and the southern “Path of Ea.” It was recognized that the sun and other 
planets periodically swung north and south in a roughly regular track through these 
three paths as they traveled eastward relative to the fixed stars. The sequence of 
asterisms lying along the planets’ track was known as the “Path of the Moon” 
(which later became the standard western zodiac, see, e.g., Rochberg 2010, pp. 41- 
42) including such familiar constellations as “Twins,” “Crab,” “Lion,” “Scorpion,” 
and “Fishes.” Several dozen other stars and constellations were also assigned names 
and approximate locations within the three heavenly “paths.” Observed distances 
between celestial objects in this “sidereal” or star-based reference system were 
specified in linear units such as cubits (forearm lengths) and digits (finger-breadths). 
(See, for example, Hunger and Pingree 1999, pp. 57-63 and 148-151.) 

In the eighth century, the Babylonian bureaucracy instituted a program of 
daily observations that recorded lunar phases, planetary positions and synodic 
phenomena, meteorological and economic data, and other information relevant 
to calendrics and astral omens. This practice, continuously maintained until near 
the beginning of the Common Era, was accompanied by a number of technical 
developments that made Akkadian astronomy of the last few centuries BCE much 
more comprehensive and predictively powerful (Steele 2015a). Leap months were 
determined in accordance with a regular schedule of seven intercalations in 19 years 
(nowadays widely known as the “Metonic cycle”), rather than as an ad hoc fix for 
calendar slippage (Steele 2015b). For computational convenience, all months were 
uniformly divided into 30 notional “days” each equal to one-thirtieth of an average 
synodic month (Ossendrijver 2012, p. 33). Cycles of recurring phenomena were 
combed out of observational records to construct period parameters for planetary 
motion, and scribes recorded predicted as well as observed positions and times of 
astronomical events. By the mid-fifth century, the “Path of the Moon” had been 
schematized to 12 equal fixed intervals named after 12 of its original constellations 
and subdivided into 30 equal parts apiece, which we now call the signs and 
degrees of the zodiac. Planetary positions were specified by a combination of 
these zodiacal degrees and a perpendicular measurement roughly corresponding to 
celestial latitude: this combination was the forerunner of the well-known orthogonal 
coordinate systems of spherical astronomy (Steele 2007). 

The mathematical models that enabled the Late-Babylonian quantitative predic- 
tion of celestial events included some very sophisticated algorithms for determining, 
e.g., the occurrence and appearance of eclipses, or whether and when the new-month 
crescent would be visible when the moon was in a given part of the zodiac at a 
given time of year. Such algorithms were built up from various piecewise linear 
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functions (zigzag or step functions) derived from the period parameters for the 
planetary phenomena, particularly their synodic phenomena. All these techniques 
relied on cuneiform sexagesimal place-value arithmetic procedures, often carried 
out to many fractional places. Surviving cuneiform texts do not address any physical 
or geometric theory for their computational models, such as the rotating spheres 
familiar from classical and medieval astronomy.> 

The Late-Babylonian astronomical corpus consists of so-called procedure texts 
(Akkadian epusu), specifying algorithms for astronomical computation, and table 
texts (térsitu), listing in numerical row-and-column format various computed 
astronomical quantities, such as the dates and positions of occurrences of a given 
type of celestial event.° Synodic phenomena of the moon and planets, including 
first and last visibilities, syzygies, eclipses, etc., remained the most important types 
of event, though tables of planetary positions for consecutive days, or ephemerides, 
were also computed based on interpolation between successive synodic phenomena. 
The various numeric-array tables constructed by Babylonian astronomers appear to 
have been the ancestors from which many later genres of astronomical tables are 
directly descended. 

This ability to specify and calculate positions of the celestial bodies at any 
arbitrary moment, combined with the ancient heritage of celestial divination 
literature, gave rise to the Late-Babylonian notion of the individual horoscope 
or birth omens. This discipline expanded the practitioners’ objectives from the 
traditional task of determining the time of an expected ominous event to include 
analysis of the ominous significance of the planets’ configuration at an arbitrary 
time. Such analyses later became the core of genethlialogy or nativity astrology in 
post-Babylonian astral sciences (Rochberg 2004, Chapters 3-5). 

Other ancient West Asian calendars, including Hebrew and (pre-Islamic) Per- 
sian ones, shared and subsequently perpetuated some characteristics familiar in 
Akkadian calendrics, e.g., sunset day-reckoning and schemes for leap-month 
intercalation.’ The Babylonian deities and celestial omens compiled by their priests 
survived for centuries as part of the astrology and ritual of the polytheistic Sabians. 
But the most enduring and prominent legacy of Mesopotamian astronomers, besides 
the now-universal sexagesimal units they devised for measuring time and celestial 
position, lay in their transformation of astronomy and astrology in Hellenistic 
science. 

The neighboring culture of Egypt from the Middle Kingdom to the Late Period 
also adopted and transmitted some aspects of Mesopotamian astronomy, as well as 
devising concepts and techniques of its own. The ancient Egyptian lunar calendar 


5An analysis of a geometric interpretation used to motivate arithmetic computations of orbital 
velocity, albeit not involving a geometric model of the orbits themselves, is discussed in 
Ossendrijver (2016). 

For discussion of the term /érsitu, see, e.g., Neugebauer (1983, vol. 1, pp. 12-13), Evans (1998, 
pp. 318-320) and Ossendrijver (2012, p. 599). 

7For the origins of Hebrew calendars, see, e.g., Kelley and Milone (2011, pp. 219-220). For the 
origins of Iranian calendars, see, e.g., Panaino et al. (1990) and Soltysiak (2015). 
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reckoned synodic months from the last sighting of the pre-dawn crescent rather than 
from the first appearance of the post-sunset one, and its intercalation schedule was 
regulated according to the dawn rising of the star Sirius. In the third millennium 
BCE this seasonal calendar was supplemented, and for administrative purposes 
replaced, by a civil calendar with a uniform 365-day year containing twelve 
notional “months” of 30 days or three ten-day “decades” apiece, plus five extra 
“epagomenal” days at the new year. By the late second millennium the daylight 
and nighttime periods were conventionally divided into 12 parts each, the origin of 
the 24 “seasonal” or unequal hours in a nychthemeron that gave rise to our present 
universal system (Rochberg 1989, p. 147). Time was measured by means of water- 
clocks and gnomon shadows (Symons and Khurana 2016). 

A system of stellar calendric timekeeping was devised by the early second 
millennium which employed the risings of 36 stars or small asterisms (called by 
modern scholars “decans”) lying more or less equally spaced near the sun’s path 
through the sky over the course of the year. Because the sun appears to move 
eastward through the stars from one day to the next, these decans gradually shift 
their position from night to night. That is, if one decan is located, say, at the eastern 
horizon just before sunrise at the start of decade 1, the following night it will be 
slightly above the horizon just before sunrise, and so on until the next decan to the 
east in its turn sits on the eastern horizon just before the first sunrise of decade 2. 
Thus the changing positions of the chosen decan stars through the night and through 
the year roughly quantify the passage of time. 


1.1.2 Hellenistic: Greek-primary discourse 


Hellenic cosmology as late as the early first millennium BCE appears to have resem- 
bled worldviews found elsewhere in the ancient Mediterranean region. The known 
world was separated by the great “river” Ocean from legendary or supernatural 
realms beyond it, and above it the gods dwelling in Olympus ruled the planets and 
arranged the stars. More prosaically, the seasonal and monthly cycles were described 
with a variety of agrarian and administrative calendars. Ancient Greek calendars 
considered the equinoxes and solstices (“tropics”) key moments in the year. But 
there was no standard administrative calendar in place throughout the Greek world 
and no centralized bureaucratic apparatus in support of astral sciences to impose 
one; its diverse collection of eras, intercalation schemes, and calendar formats was 
ultimately subordinated to (but not eradicated by) the official Julian calendar under 
Roman rule (see, e.g., Hannah 2005; Jones 2007). 

The intersection of calendrics problems with philosophical and cosmological 
speculations in ancient Greece starting around the middle of the first millennium 
BCE produced the first known systems of spherical astronomy. It is not clear how 
these heavily geometrized models first emerged, but certainly by the time of Plato 
in the fifth century philosophers were familiar with the fundamental concepts of 
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the spherical form of the geocentric cosmos and the circularity of the motion of 
heavenly bodies, as well as the sphericity of the earth itself. 

In the work of Aristotle about a hundred years later, the assumptions of 
geocentrism, geostability, and the uniformity of circular celestial movements appear 
as part of a physical theory that derives them from essential characteristics of the 
nature of matter and motion. The philosophical concept of the “perfection” of the 
superlunary universe, as an innately and supremely regular system approximated 
by the imperfect (but improvable) models of astronomy, became a core principle of 
scientific thought. The development in the last few centuries BCE of a mathematical 
system of rigorous deductive demonstration, crowned by the geometrical treatises of 
Euclid, Archimedes, and others, vindicated Hellenistic scholars’ praise of the power 
of geometric models. 

This does not imply that scholars were able to agree on the exact form of the 
geometric models that best represented the motion of the heavens. In fact, all 
such models remained quite unsatisfactory in their descriptive accuracy or their 
physical consistency or both. Eudoxus in the fourth century, followed by some 
others including Aristotle himself, attempted to construct “homocentric” systems 
of multiple nested spheres exactly centered on the earth and revolving in different 
directions to qualitatively reproduce planetary patterns of pausing and reversing. 
Such mechanisms, however, were not quantitatively accurate enough to be usefully 
predictive. Physically unorthodox and counterintuitive hypotheses proposed by 
Aristarchus in the third century reassigned the daily revolution of the stars to the 
earth itself, and even suggested the possibility of doing the same with the yearly 
cycle of the sun, but these far-fetched notions were taken seriously by only a very 
few ancient astronomers (Heath 1981). 

In the meantime, the absorption of Babylonia and Egypt into the empires 
of Alexander and his successors brought into Greek science some of the astral 
knowledge from Akkadian and Egyptian sources. This included the 12-sign and 
360-degree division of the ecliptic circle of longitude, with its perpendicular 
coordinate latitude; numerical parameters and arithmetic methods for computing 
planetary positions and various ominous events; the 365-day Egyptian adminis- 
trative calendar and day of 24 seasonal hours (later modified to “equinoctial” or 
equal hours); and nativity divination from planetary positions, which evolved into 
Hellenistic horoscopic astrology. Place-value sexagesimal fraction notation was 
used for astronomical calculations, although the sexagesimal digits themselves were 
represented by “Jonian” alphabetic numerals (a = 1, 6 = 2,...4 = 10, « = 20,... 
etc.), as were integers. These calculations included determination of key parameters 
such as the length of the “tropical” year measuring the time from one vernal equinox 
to the next (which is slightly shorter than the sun’s “sidereal” year or annual return 
to the same fixed star because of the precession of the equinoxes, i.e., the slow 
shifting of the ecliptic relative to the equator). The 7-day week and the 24 Egyptian 


8For a survey of the emergence of this cosmological conception, see, for instance, Heath (1991), 
Dicks (1960) and Evans (1998, esp. 289-392). 
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hours were assigned for astrological purposes to the sequence of the seven planets 
in order of their orbital distances, i.e., Saturn, Jupiter, Mars, Sun, Venus, Mercury, 
and Moon. That is, the first of the 168 hours of the week was allotted to the sun, the 
second to Venus, and so on cycling through the sequence so that the moon ruled the 
25th hour, Mars the 49th, etc. 

The complex process of synthesizing various Babylonian observational records 
and quantitative techniques with Greek spherical geometry and physics is not very 
thoroughly documented in surviving texts, but certain developments mark its general 
path (Jones 2015, 1991). Spherical reference systems with respect to the horizon 
and the celestial and terrestrial equators measured their coordinates in the same 
sexagesimally divided degrees known from ecliptic latitude and longitude (Evans 
1998, pp. 99-105). Angles between great circles on the sphere (e.g., the ecliptic and 
the celestial equator, the ecliptic or equator and the observer’s horizon, etc.) created 
various spherical and plane triangles to be solved by a combination of geometric 
and numeric methods known as trigonometry. (The trigonometric relation of triangle 
angles or arcs to their sides for Hellenistic astronomers was based on the concept 
of the chord of the arc, rather than its sine (Van Brummelen 2009).) In particular, 
trigonometric methods refined practical arithmetic schemes for calculating “rising 
times” or “ascensions,” the intervals required for certain arcs of the ecliptic to rise 
above the local horizon. 

Modified orbital models attempted to account for the wealth of observational data 
about celestial motions while remaining physically comprehensible and consistent, 
at least insofar as possible. Babylonian astronomy’s period relations specifying 
so many returns of a celestial body to the same star in so many years could 
be very naturally represented by Aristotelian uniform circular motion, producing 
good estimates for the planets’ average or “mean” motions. But since constant 
mean motion on a simple geocentric circular orbit is a rather crude approximation 
of a planet’s actual progress on an elliptical orbit with the sun at one focus, 
Hellenistic astronomy added more circles to account for observed fluctuations in 
velocity, retrogradation, variation in latitude, and other apparently non-uniform 
“true” motions. 

The main types of circular mechanism used for this purpose were the eccentric 
(a circular orbit whose center is displaced from the center of the earth by a distance 
called the eccentricity) and the epicycle (a small circle whose center revolves on 
a concentric circular orbit, and upon which the planet itself revolves). They can 
be used in equivalent ways for modeling a planet’s apparently non-uniform speed 
in its revolution. This non-uniformity is known as the ecliptic anomaly and arises 
from the fact that the revolution actually occurs on an ellipse with its orbital focus 
displaced from its center, rather than on a circle. The orbit’s heliocentricity produces 
the more noticeable synodic phenomena such as retrogradations, explained by the 
so-called synodic anomaly represented by an epicycle device synchronized with the 
sun’s motion. 

Using these concepts, the fundamental uniform circular motion demanded by 
Aristotelian principles could be displaced from an unsatisfactory geocentric circular 
orbit onto some non-homocentric circle. Then the mean position predicted by a 
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planet’s simple period relation could be corrected by some slight adjustment based 
on the trigonometry of the configuration formed by the planet, the earth, and one or 
more reference points on its combination of circles. These corrections from mean to 
true positions are generally called “equations,” in the sense of a term that equalizes 
or makes accurate an approximate value. 

The middle of the second century CE generated the most detailed and compre- 
hensive sources we possess about Hellenistic astronomy, partly due to their having 
driven most of their predecessors and contemporaries to extinction: namely, the 
works of Ptolemy of Alexandria. Ptolemy’s Mathematical Syntaxis or Almagest on 
theoretical mathematical astronomy, his Handy Tables for astronomical calculation, 
his Tetrabiblos “Four Books” on astrology, and his Geography all dominated their 
respective fields in Greek and subsequently Latin astral sciences for hundreds of 
years. 

The Almagest is the first surviving treatise to explain in detail (though not without 
numerous quantitative inaccuracies and physical inconsistencies) the observed 
motions and appearances of the planets by means of a reasonably self-consistent 
though highly complicated combination of orbital circles placed between the 
spherical earth and the spherical cosmos. Its chief importance for our present 
purpose, however, is in its enabling the creation of Ptolemy’s equally magisterial 
Handy Tables (Procheiroi kanones), a comprehensive set of astronomical tables 
for facilitating the computation of the astronomical quantities whose theory he 
explained in the Almagest. The Handy Tables (see, e.g., Tihon 2011 and Mercier 
2011) were largely responsible for the propagation of Hellenistic spherical astron- 
omy models and trigonometric methods throughout the Byzantine, Islamic, and 
Latin worlds. 


1.1.3 East Asian: Chinese-primary discourse 


The classical Chinese science of astronomy, like its Babylonian counterpart, is 
known today mostly through records of the governmental institutions that sponsored 
it and preserved its collections of observational data. Although originating indepen- 
dently of Babylonian astral sciences, Chinese astronomy was similarly supported 
by state interest in the maintenance of an official luni-solar calendar and prognosti- 
cation from celestial phenomena, and it similarly based its predictive mathematical 
models primarily on arithmetic schemes rather than geometric constructions. Over 
the centuries of the Common Era many aspects of these models spread with other 
elements of Chinese culture to, e.g., Japan, Korea, and parts of Southeast Asia.” 


°For the most ancient known Chinese astronomy, see Pankenier (2013), Raphals (2013, ch. 2), 
Smith (2011), and Cullen (2006). The imperial Chinese /ifa models are discussed in, e.g., Sivin 
(2011) and Martzloff (2000). 
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Astral sciences in imperial China were descended from a long tradition 
of sky-watching and calculation about timekeeping. Celestial observation 
practices for determining solstices appear to have been codified as early as 
the late third millennium BCE. Even before a bureaucratic apparatus existed 
for calendar maintenance—at least since the late second millennium BCE— 
a standard cycle was employed to keep track of the passage of days. This 
“sexagenary” cycle was compounded from the simultaneous progress of one smaller 
cycle with ten elements and another cycle with twelve: thus the day-numbers 
proceeded through all sixty elements of the sequence (1, 1), (2, 2),..., (10, 10), 
(, 11), @, 12), 6, 1),..., (9, 11), 0, 12), before recommencing with (1, 1). 
Surviving records from the first millennium BCE attest to observations of more 
extraordinary phenomena such as eclipses and comets. The application of the 
sexagenary cycle to years provided a consistent system of chronological reckoning 
with a 60-year period that coexisted with later regnal and dynastic epochs. 

Political unification under the Han dynasty resulted in imperial administrative 
support for a complex official system of astronomical and astrological practices. The 
ideology of the emperor as the “son of heaven” or direct link between earthly and 
celestial realms made it crucial for the state bureaucracy to correctly forecast and 
interpret celestial events. This requirement along with the principle that heavenly 
patterns of recurrence were constantly though slowly changing over time made 
it necessary to periodically revise the mathematical models used for astronomical 
prediction. About 50 such revisions were effected at irregular intervals from the Han 
through the Qing dynasties, sometimes based more on political imperatives than 
on empirical verification. The /Jifa or calendar-system texts describing the models 
were incorporated into imperial archives, and the yearly ephemerides or almanac 
produced according to them, with its predictions of various luni-solar and planetary 
phenomena and their ominous implications, was officially presented to the emperor 
in an annual ceremony. 

These models mostly employed a common standard metrology and structure 
underlying their respective modifications of some computational procedures. The 
winter solstice marked the beginning of the cycle of seasons, and the (invisible) 
conjunction of sun and moon indicated the start of the month. The new year of 
the civil calendar began from the new moon of some month designated in relation 
to the winter solstice: initially this was the month in which the solstice actually 
fell, but by the start of the Common Era it was conventionally assigned to the 
second month following the solstice (although astronomers continued to calculate 
years using the earlier convention). Celestial positions were marked with reference 
to 28 canonical lunar constellations and later also with respect to 12 “zodiac” 
constellations. Reference circles were divided into 365.25 units corresponding to 
the days of the year, signifying (solar) time rather than angle measurement. 

Various cycles used in the predictive models were combined into a nominal 
“greater epoch” or temporal zero-point of the system, which could extend as much 
as millions of years into the past. These relations were adjusted algebraically 
to produce fine-tuned algorithms equivalent to astronomical functions that could 


1.1 Overview of pre-modern astronomy 13 


be represented either by computational procedures or by tabulated values of 
astronomical quantities such as solar position and day-night length. 

Spherical geometric models and the trigonometric tools for using them appeared 
after the middle of the first millennium CE in some systems influenced by Indian 
spherical astronomy, and in the early second millennium in lifa works on Greco- 
Islamic astronomy. A separate astronomical bureau was even established for the 
use of Muslim astronomers and the Chinese officials who worked with them in the 
Ptolemaic tradition. But all these “foreign” innovations remained secondary to the 
traditional Chinese lifa systems until the introduction and gradual assimilation of 
heliocentric models starting with the arrival of Jesuit missionaries in the sixteenth 
century. !° 


1.1.4 South Asian: Sanskrit-primary discourse 


The orally transmitted Old Indo-Aryan Vedas contain the first verbal record of 
Indian ritual practices requiring the maintenance of a luni-solar liturgical calendar: 
namely, half-yearly and monthly oblations at solstices and syzygies, as well as 
daily rituals at twilights.!' This tropical-year cycle is schematized as containing 
12 synodic months of 30 days each, with occasional intercalation of a 13th month 
to keep seasons and months aligned. Standard names for the 12 months are derived 
from 12 of the 27 lunar constellations or naksatras marking the moon’s path through 
the stars; each month is named after the naksatra occupied by the full moon during 
that month. 

Occasional appearances of terms such as “naksatra-observers” indicate that 
regulating the calendar to conform to observed celestial positions was a recognized 
part of liturgical practice. The five star-planets play no role in the luni-solar calendar 
and there are no unambiguous references to them in the Vedic samhitas “collections” 
of sacred texts.!* Various natural phenomena including eclipses are perceived as 
having ominous significance but explicit systems of celestial divination or astrology 
are not attested. Occasional references to numbers indicate an exclusively decimal 
system of integers with terms for common fractions such as the half and the third 
(see, e.g., Plofker 2009, pp. 13-14). 

The Vedic Sanskrit word jyotis “light,” especially “celestial light, luminary,” gave 
rise to the standard Sanskrit term jyotisa for astronomy and calendrics, notably 


!0See Ohashi (2008) and van Dalen (2002b) for overviews of Chinese adaptations of Indian and 
Islamic astronomy, respectively, and Martzloff (2016) for the impact of Jesuit astronomy. 

'l A survey of the origins and aspects of calendar in this context is discussed in Yano (2003). 
'2Some Vedic narratives of deities and sages have been proposed by historians as mythologized 
descriptions of planetary phenomena (Kak 2005). But the persistent uncertainty about specifics of 
the chronological, historical, and geographic context of the Vedas makes it impossible to establish 
a definitive interpretive framework for such readings (Plofker 2009, pp. 33-35). 
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as one of the six vedangas “supports of the Vedas” or sciences for maintaining 
Vedic rites. A late Vedic or post-Vedic verse composition called Jyotisavedanga or 
Vedangajyotisa contains the earliest known quantitative description of this liturgical 
calendar. Its official year of 366 days is equated to twelve solar months or two 
ayanas (tropical courses of the sun), and commences at the new moon around the 
winter solstice; the abovementioned sequence of naksatras serves as the reference 
system for the positions of sun and moon. Five of these calendar years constitute 
the period of the yuga “yoking, conjunction” or intercalation cycle containing two 
extra synodic months. Each synodic month is divided into 30 “lunar days” or tithis, 
a time-unit of crucial significance throughout the history of classical jyotisa. 

Thus 5 years or 366 x 5 = 1830 civil days correspond to 62 x 30 = 1860 tithis, a 
fairly rough approximation that was doubtless empirically adjusted as successive 
yugas gradually slipped out of moon/sun/season alignment. Simple arithmetic 
approximations quantify intercalation rules and the seasonal variation in length of 
a day, attesting to various smaller time-units including the muhurta, one-thirtieth 
of a nychthemeron, and the ghatika, one-half muhirta. The name ghatika, from 
ghati “pot, water-jar,’ indicates the use of some sort of water-clock for timekeeping 
purposes. !? 

Several Indian works on subjects ranging from civil administration to cosmology 
dating from the late first millennium BCE, in the “second urbanization” period when 
writing had become well established in both Indic vernaculars and Sanskrit, shed 
some light on contemporary astral sciences. The jyotisa-related topics they touch 
on include systems of time metrology, involving variable (seasonal) units such as 
the bhaga, one-eighth of a daylight or nighttime period, as well as constant units 
like the ghatika and muhirta. Synonyms for ghatikd such as nadika, nalika “tube, 
stalk” also suggest water-clock devices; indeed, mention is made of timekeeping 
schemes using water-clocks, as well as gnomon shadows, with linear approximation 
algorithms to relate their observed measures to time-units. Complex and diverse 
systems of sub-units are employed in the metrology of time (and other quantities), 
e.g., ksana “instant” for 1/6 ghatika, kala “fraction” for 1/40 ghatika, and so on 
(Hayashi 2017). The written numerals used to keep track of all these equivalences in 
practical computations are non-place-value glyphs retaining the traditional decimal 
base. 

There are also allusions in this literature to the star-planets and to very long cycles 
of cosmic creation and destruction, sometimes called yuga like the aforementioned 


'3]t has long been debated whether the similarities between first-millennium Babylonian math- 
ematical astronomy and some concepts in the Jyotisavedanga—e.g., the 30-fold division of the 
synodic month, the 60-fold division of the day, arithmetic schemes to express length of daylight 
variation, etc.—may indicate some transmission of Babylonian astral sciences to South Asia, 
possibly via the Achaemenid Empire in the sixth or fifth century. But since no direct evidence 
of such transmissions has been found, and there is no way of conclusively determining when the 
existing Jyotisavedanga was composed or what parts of it may record astral knowledge acquired 
in earlier periods, these hypotheses remain uncertain. 
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shorter calendric periods and sometimes kalpa “creation.” The kalpa was eventually 
codified as 4,320,000,000 years, composed of mahdyugas of 4,320,000 years. Each 
mahdyuga in turn comprises four successively degenerating lesser yugas, similar 
to (and perhaps a source for) the Golden, Silver, Bronze, and Iron Ages of the 
classical world. All identifiable human history is encompassed by the most recent 
iteration of the last and least of these ages, called the Kaliyuga (Gonzalez-Reimann 
2009). Quantitative cosmological models in sacred literature are spatially as well 
as temporally huge, with Mount Meru, the dwelling of the gods, in the midst of 
concentric rings of continents and oceans on the immense flat disk of the earth 
suspended in the “cosmic egg” between heavens and underworlds. 

Other features of contemporary jyotisa were developed through interaction with 
the Indo-Greek and subsequently Indo-Scythian (Saka) cultures following Alexan- 
der’s incursions in the northwest of the subcontinent. Several surviving Sanskrit 
works produced in the centuries around the start of the Common Era reflect a 
synthesis of traditional Indian astronomy, especially in calendrics and timekeeping, 
with some features of Hellenistic astronomy, trigonometry, and astrology. 

Their computational models assume a spherical earth at the center of a spherical 
universe with a unified system of sun, moon, planets, and stars revolving in circular 
orbits. The models’ geometry and numerical parameters determine the predicted 
motions of these bodies (including eclipses and other synodic phenomena) by 
their trigonometric relations, expressed not in the chords of Greek trigonometry 
but in more computationally efficient sine-based quantities. Celestial positions are 
denoted using Babylonian-Hellenistic systems of spherical coordinates with 360 
sexagesimally divided degrees in a circle, e.g., latitude and longitude with respect to 
the earth’s equator and with respect to the celestial ecliptic marked out by twelve 30° 
zodiacal signs. The ecliptic obliquity or angle between ecliptic and celestial equator 
is assigned a standard value of 24° = 1440’. The time-unit ghatikd or sixtieth of a 
day is now conventionally subdivided into sixtieths called vighatis, vinddis or palas, 
which in turn contain sixty vipalas. 

Predictive schemes of celestial divination, strongly influenced by the horoscopy 
of the Babylonian-Greek tradition, became a main field within jyotisa (or jyotih- 
Sastra, a term reflecting the discipline’s status as one of the Classical Sanskrit 
Sastras or didactic sciences as well as an ancient veddriga). The rise of astrology 
sparked increased attention to the five star-planets in astronomical calculation, as 
did the accompanying adoption of the seven planetary weekdays in their Hellenistic 
order. In fact, the Greek influence on Indian exact sciences, probably reflecting the 
knowledge and interests of the Indo-Greeks who transmitted it, seems to have been 
strongly weighted towards the practical mechanisms of astrological computation. 

None of the elaborate geometry edifices of Euclid, Archimedes, Menelaus, etc., 
have left identifiable traces in early Common Era Sanskrit texts, and neither have the 
astronomical systematizations due to Ptolemy. Hellenistic formats of prose treatises 
and numeric-array tables remained either unknown or unappealing as a medium 
for Indian astral sciences, which continued to be documented, like other sastras, in 
Sanskrit metrical verse. 
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The Greek alphanumeric number system likewise did not transfer to the Indian 
milieu: instead, Indian astronomers at some point before the mid-first millennium 
CE modified their existing decimal integers to a fully place-value system, including 
the use of a zero symbol. They employed these same numerals to represent the 
sexagesimal divisions of Babylonian-Greek metrology, much as we use the modern 
decimal place-value descendants of them for sexagesimal hours, minutes, and 
seconds (Plofker 2008). Composing scientific literature in metrical verse required 
more flexible ways of expressing numerals, the most common being the so-called 
object-numeral (bhitasamkhya) encoding in which a standard number-word can 
be replaced by a word for any object or concept conventionally associated with 
that number, such as “moon” or “earth” for “one,” “eye” or “hand” for “two,” etc. 
South Indian astronomers in particular often preferred the alphabetic or katapayddi 
system in which the 33 consonants of the ndgari alphabet are mapped onto the 
ten decimal digits, so that actual Sanskrit words and sentences can be read as 
numeral sequences (see, e.g., Plofker 2009, pp. 43-48, 72-77). The dependence 
of Hellenistic astronomy techniques on some identifiable epoch point of time 
may have influenced the adoption of historical eras, as opposed to the traditional 
endlessly cyclic yuga of the liturgical calendar, in Sanskrit astronomy texts. Two 
such epochs in particular became standard in later jyotisa: the Saka or Salivahana 
era corresponding to 78 CE, named for its (unclear) associations with Saka/Indo- 
Scythian rulers and/or the legendary king Salivahana; and the (Vikrama) Samvat 
(samvatsara “year’) era of 57 BCE, associated with another king of ancient legend, 
Vikramaditya.'4 At this point in its development, Indian mathematical astronomy 
begins to take shape as the full-fledged “classical jyotisa” or “siddhanta astronomy” 
to which most of the technical literature discussed in this book belongs, and which 
is described in more detail in Sections 1.2 and 2.1. Its influence on the Pahlavi- 
language astronomy and astrology of Sasanian Iran was profound, although most 
of the historical details are now unrecoverable. Features of this Sanskrit sastra also 
subsequently appeared in the exact sciences as practiced in the Islamic world and 
many other cultures in the central, southeastern, and eastern regions of Asia. 


1.1.5 Islamicate: Arabic-primary discourse 


The rapid spread of Islam from the Arabian peninsula throughout much of western 
Asia and the Mediterranean region in the seventh and eighth centuries brought 
Arabic-speaking scholars into contact with several “foreign” scientific traditions. 
The branch of astral science that emerged from these contacts is generally desig- 
nated “Islamicate” rather than “Arab” or “Islamic,” since its practitioners included 
many non-Muslims and non-Arabs. Muslims across the world from Spain to China 
along with, e.g., Christians, Sabians and Jews contributed to it books written not 


'4For the possible astronomical significance of these epoch choices, see, e.g., Falk (2004). 
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only in Arabic but also in Persian, Hebrew, Syriac, Turkish, and other languages. 
However, the political and cultural dominance of Islam was a common feature to 
most of the areas where this corpus was created, and Arabic persisted as its shared 
language of learning. Other specifically Islamic features of this science included the 
strictly lunar calendar of 12 synodic months, shorter than a solar year, whose cycles 
were counted from the Hijri epoch at the start of the month Muharram in 622 CE 
and whose days began with sunset. The 7-day week was marked as a religious cycle 
for Muslims, as for Jews and Christians. 

The first Arabic works on astronomy and astrology in the Islamic period reveal 
the influence of Hellenistic, Sasanian Persian, and Indian sources. The Pahlavi 
zik, or set of tables for astronomical computations accompanied by explanatory 
instructions, became the model for the standard zi genre of Islamic astronomy 
(King and Sams6 2001). Sanskrit sources were known both through the medium of 
Pahlavi texts and in some directly transmitted works. Forms of the decimal place- 
value “Indian numerals” and arithmetic techniques for using them spread throughout 
the Islamic world. But the non-place-value abjad numerals expressed in the letters 
of the Arabic alphabet, akin to the Greek alphabetic numerals although probably 
adopted from Aramaic ones, remained the standard representation of, e.g., tabulated 
numbers in zijes (Glick 2011, p. 49). 

The so-called translation movement of the eighth and ninth centuries centered 
in the ‘Abbasid capital of Baghdad made much of the Hellenistic corpus of 
exact sciences accessible to Arabic-literate astronomers (Gutas 1998). Hellenistic 
mathematics and the orbital models of Ptolemy became the foundation of the prolific 
mathematical astronomy tradition commonly known as “Greco-Islamic,’ mostly 
supplanting earlier works adapted from Sanskrit and Pahlavi originals (Takahashi 
2010) (although the Indian trigonometry of sines was still generally preferred to the 
original Greek chords). 

The pagan origins of these foreign treatises, along with the theologically suspect 
pretensions of the astrological doctrines that accompanied them, generated some 
controversy in Islamic intellectual circles. In consequence, between about the tenth 
and twelfth centuries Muslim astronomers tended to emphasize the rational, material 
nature of their discipline and its usefulness in orthodox religious applications, such 
as determining prayer times (miqdat) and the local direction towards Mecca (qibla), 
or predicting the first visibility of the crescent moon that commenced each month. 
Such rebranding, coupled with strong critiques of astrology as blasphemous and 
fraudulent, established astronomy on a firmer doctrinal footing in Muslim contexts 
(see, e.g., Saliba 1982 and Ragep 2001). 

Certain assumptions originating in Aristotelian physics, such as the natural 
uniformity and circularity of celestial motion, survived this “de-paganization” of 
Greco-Islamic astronomy. Attempts by astronomers to make their models more 
physically consistent with these assumptions required eliminating the geometric 
kluges employed by Ptolemy and replacing them with truly homocentric alterna- 
tives, in some cases very theoretically sophisticated ones. 

During these developments the Islamic world overall kept expanding, geo- 
graphically, economically, and culturally. Astronomical professions ranged from 
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the design and production of observational and navigational instruments through 
instruction of students and religious timekeeping to theoretical research and text 
production at observatories or courts—and inevitably, despite religious disapproval, 
a wide variety of astrological forecasting. Exponents of Greco-Islamic astronomy 
worked at institutional observatories in, e.g., Beijing and Maragha in the thirteenth 
century and Samarqand in the fifteenth, as well as innumerable schools and courts. 
Consequently, the conversion of dates in the Islamic calendar to corresponding ones 
in the Jewish, Christian (Julian), Persian, and Indian calendars was one of the major 
topics in zijes. The cosmopolitan nature of this science meant that over a period 
extending from roughly the twelfth through the seventeenth century, various parts 
of it were encountered, translated, and adopted by a number of western European, 
Byzantine, Chinese, and Indian scholars. It is the interaction of this Islamicate 
learning with Sanskrit jyotisa in the Indo-Islamic empires of the second millennium 
that will be treated in Section 1.5.2. 


1.2 Overview of classical Indian mathematical astronomy 


This description is centered on what are sometimes called the “classical” and 
“early medieval” periods of Indian history, beginning around the middle of the first 
millennium CE with the composition of some of the earliest comprehensive treatises 
on jyotisa that still survive in full. The Gupta and Pallava dynasties controlled 
much of northern and southern India, respectively, side by side with numerous 
smaller kingdoms. Modified forms of the Vedic rites and their exegesis in various 
philosophical schools of thought had coalesced into the wide array of practices 
and beliefs now generally called “Hinduism,” whose brahmana priests formed 
hereditary groups of scholars and ritual officiants. Learned and literate exponents 
of other belief systems rejecting the authority of the Vedas, most prominently 
Buddhism and Jainism, worked chiefly in the great monastic schools of their faiths. 

Courts, communities, temples, schools, etc., all required calendars and other 
forms of administrative computation provided by their scholars. And almost every- 
one took for granted the importance of being able to identify and calculate the times 
of auspicious and inauspicious events in the heavens. These requirements, together 
with ancient traditions of divination from random observed events or characteristics, 
nourished the three intertwining skandhas or branches of jyotihsdstra: samhita 
“collection” or interpretation of omens (not necessarily celestial in nature) according 
to some taxonomic authority on their interpretation; ganita “calculation” or the 
mathematical models and methods used in astronomical and astrological prediction; 
and hora “horoscopy” (from the Greek word for “hour’”), the astrological principles 
and conventions for identifying and interpreting celestial phenomena as predictors 
of human fortunes (Pingree 1981, pp. 1-2). 
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1.2.1 Astronomy and mathematics 


Mathematical astronomy and mathematics “proper” are closely linked in the 
Classical Sanskrit sdstras. As noted above, the computations required for astro- 
nomical prediction and calendar maintenance in jyotihsdastra are called ganita 
“calculation,” a word also used for quantitative reasoning in almost any context.!° 
Non-astronomical ganita topics are generally classified either as pati “board|[- 
computation], arithmetic,” dealing with fundamental arithmetic operations, series, 
proportions, geometry formulas, and so on, or as bija “seed, algebra,’ concerning 
positive and negative quantities and the solution of equations for unknown quantities 
(see, e.g., Hayashi 1997b, 2008a,b). Both pati and bia are treated in individual 
works in Sanskrit didactic literature, but some astronomy texts also contain chapters 
dedicated to one or both of them. 

The mathematical topic of trigonometric relationships between angles and sides 
of triangles (usually designated by jyd “sine” or some other Sanskrit term for 
a particular trigonometric quantity) appears to occupy a sort of hybrid position 
between astronomy and mathematics in Sanskrit science. Formulas and tabulated 
values expressing such relations are presented, with or without some amount of 
demonstrative exegesis, in almost all jyotisa treatises, but not in pati or bija works 
(see Section 2.1.8 for more detail). 


1.2.2 The topics of astronomical computation 


The oft-quoted closing verse of the ancient Jyotisavedanga of Lagadha (see 
Section 1.1.4) explains the sacred ultimate aim of astronomical calculation (Sarma 
and Sastri 1985, p. 26): 


veda hi yajiiartham abhipravrttah 
kalanupurva vihitas ca yajiiah || 

tasmdd idam kdlavidhanasastram 
yo jyotisam veda sa veda yajnan || 


The Vedas came forth for the sake of the ritual oblations, and the ritual oblations were 
ordained in accordance with the times [of their performance]. Therefore, one who has 
understood jyotisa, this science of regulating time, has understood the ritual oblations. 


'SMahavira (mid-ninth century) discusses the scope and applicability of ganita in the 
Ganitasdrasangraha (Plofker 2007, p. 442, verses 1.9-17). Bhaskara I lists subdivisions of ganita 
in his commentary on the Aryabhattya (Keller 2006, vol. 1, p. 8). In particular, some authors 
draw a distinction between computation with avyakta “unmanifest” quantities, i.e., algebra, and 
with vyakta “manifest” ones; see below (Dhammaloka Forthcoming). There seems to be no clear 
consensus as to whether ganita counts as a Sastra in its own right or even a supercategory of jyotisa. 
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As noted previously, this luni-solar calendric foundation eventually supported 
a vast superstructure of quantitative astronomical prediction and/or astrological 
interpretation of events ranging from eclipses to planetary conjunctions to nativities. 
But the underlying purpose of tracking and regulating a complex system of time- 
units remained fundamental to the practice of jyotisa. 

Classical Sanskrit verse astronomy texts generally followed more or less the 
following sequence of topics in their first few chapters explaining their core 
calculations. !° 


Mean motions. Both the ancient liturgical ywga and Hellenistic mathematical 
astronomy utilized the fundamental concept of astronomical cycles, in which a 
given configuration of celestial bodies recurs after a given amount of time. This was 
combined in classical jyotisa with the immensely long eons from sacred legend, such 
as the kalpa of 4,320,000,000 years or the mahayuga of 4,320,000 years. That is, 
the mean angular velocities of the planets and stars were formulated as ratios of an 
integer number of revolutions about the earth to the number of years in a mahayuga 
or kalpa. These revolutions were geometrically conceived as uniform motion upon 
a geocentric circular orbit, starting from the sidereal zero-point of longitude on 
the ecliptic among the stars. For computational convenience, these ratios could be 
reduced to approximate values of mean velocity in units of arcminutes per day. 

The astronomer needed to know the mean positions of the planets at some 
specified initial moment—either the very beginning of the eon or some more recent 
epoch—as well as the interval between that epoch and some desired time. Usually 
that interval was expressed in days, the so-called ahargana “day-accumulation,” 
which could be multiplied by a planet’s mean daily velocity and then added (modulo 
complete revolutions) to the epoch longitude to obtain the mean longitude at the 
desired time. That mean longitude also had to be adjusted for the desantara “place- 
difference,’ or time interval corresponding to the terrestrial longitude of the user’s 
locality east or west of the prime meridian. 


True motions. The slightly irregular cycles of sun and moon can be successfully 
represented with one eccentric or epicyclic motion (similar to the Hellenistic 
concept of ecliptic anomaly and called manda “slow” in Sanskrit), but the apparent 
vacillations of the star-planets require a second one as well (the sighra “fast” 
inequality corresponding to the synodic anomaly). 

Each of these orbital inequalities is represented in jyofisa as a celestial entity in 
its own right (the apogee or ucca of its circle) with its own revolution-number and 
velocity. The relative positions of the mean planet, the apogee, and the earth at a 
given time determine a right triangle whose solution gives the appropriate phala 


'©Some of the technical details of these fundamental calculations as well as some of the subsequent 
ones in the following list are discussed in Chapter 4. Comprehensive explanations of all or most 
of these topics are provided in the commentaries accompanying many editions and translations of 
Sanskrit astronomical texts, such as Dvivedi (1901-1902), Shukla (1976), Arkasomayaji (1980), 
Shukla (1986), Chatterjee (1981), and Ramasubramanian and Sriram (2011). 
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“result” or equation, i.e., correction to the planet’s mean longitude. The sizes of 
the planet’s orbit and eccentricity or epicycle radius fix the maximum value of 
the equation. For the star-planets, their two equations are numerically combined 
to produce the total adjustment resulting in the true longitude. Corresponding 
adjustments to the planet’s mean velocity are determined in order to obtain the true 
velocity. 

These procedures require this second chapter of an astronomical work to provide 
the numerical parameters of the orbital models as well as one or more versified 
tables of trigonometric function values to use in solving triangles. 


‘Three questions.’ When the geocentric true positions of celestial bodies are 
known for a specific time at a specific locality, determining their appearance in the 
local sky requires trigonometric conversions involving terrestrial latitude and the 
horizontal coordinate system of altitude and amplitude. So does the computation 
of true local time from the shadow of a gnomon. The related problems of finding 
direction, place, and time for a given event at a given locality constitute the triprasna 
“three questions” topics typically assigned to the third chapter of a jyotisa work. 


Eclipses. Predicting the occurrence and appearance of an eclipse, one of the most 
ominous events in Indian astrology, requires knowledge of the sun and moon’s true 
celestial positions and their conversion to horizontal coordinates, as well as the lunar 
latitude and the luminaries’ true velocities. From these data the apparent diameters 
of their disks and of the earth’s shadow are found. And from those in turn the 
astronomer calculates the amount of obscuration, the duration of the eclipse and 
of its totality (if any), and the valana “deflection” or inclination of the eclipse path 
to the cardinal directions. 

For a lunar eclipse (usually treated in the fourth chapter), the color of the eclipsed 
orb is determined by the amount of obscuration. For a solar eclipse (fifth chapter), 
the user of the text also needs to find the components of lunar parallax due to the 
size of the earth and the closeness of the moon. The parilekha “drawing” or diagram 
of an eclipse’s appearance is also explained in eclipse chapters. 

The subsequent several chapters of a comprehensive work on jyotisa generally 
discuss some or all of the following subjects, though their sequence is less clearly 
defined. 


Synodic phenomena. This topic treats the risings, retrogradations, stations, etc., 
of the star-planets that depend on their positions with respect to the sun. Canonical 
values for the planets’ approximate synodic elongations associated with the various 
phenomena are refined by more precise calculations of their true longitudes with the 
requisite constraints. The importance of this inquiry, as of the ones in the remaining 
chapters, is primarily owing to its astrological significance. 


Orientation and projection of the moon’s crescent. This relates to the orientation 
and dimensions of the illuminated portion of the moon during its changing phases, 
and techniques for setting up a diagram or a sighting-tube based on its predicted 
position and appearance, in order to impress a viewer. 
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Non-solar shadows. The calculation of the shadow cast by the moon, and in theory 
even those of other planets, may be described. It is essentially equivalent to the 
corresponding procedures for the shadow of the sun in the third chapter, and is 
suggested for nocturnal timekeeping. 


Planetary conjunctions. The definition of “conjunction” in the case of planets is a 
matter of importance in the ninth chapter; simply computing the time of equality of 
the planets’ longitudes is apparently not enough to identify a conjunction, which 
requires the planets to be on the same secondary to the ecliptic. As in Western 
astrology, conjunction is considered to have a profound effect on the influences of 
the celestial bodies, so it is crucial to identify the event correctly. 


Conjunctions of planets and stars. This chapter identifies the positions of 
some fixed stars (generally the junction-stars of the naksatra constellations) in 
polar coordinates and gives a rule for the computation of their declinations. The 
conjunction of a planet with a star is computed as for that of two planets. 


Computation of mahapdtas. The ominous events known as pdtas, which depend 
on the relationship between the declinations of the two luminaries, are predicted in 
a fashion similar to that for the conjunction of planets. 


The arrangement of the topics described above, while fairly representative, is by 
no means uniform or complete. Often the given topics are presented in a different 
arrangement (although the order of the first five chapters is more or less standard); 
often other subjects are included among them, and alternative formulas provided; 
and often an additional section, with additional chapters on a variety of subjects, is 
appended. Some of the most frequently encountered supplementary topics are the 
following. 


Instruments. The text may describe the construction and use of various instru- 
ments for time-keeping, such as a gnomon or different forms of water-clocks or 
sundials; for observation, such as a perforated sighting-ring; or for theoretical study, 
such as an armillary sphere. 


The sphere. A summary of the technical computations for the celestial and/or 
terrestrial sphere, often including questions of geography and cosmology, may be 
included as a separate chapter. 


Objections to opposing theories. An author may devote a chapter to contradicting 
or refuting assertions that differ from his own, whether they originate with other 
astronomers or in traditional Puranic cosmology. Physical considerations, irrelevant 
to the computational procedures that constitute most of the treatise, are sometimes 
discussed here, e.g., in demonstrations that the earth does not rotate or that the moon 
is below the sun. 


Problems. A selection of sample problems may be provided to test the reader’s 
knowledge of the procedures explained in the text. 
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Arithmetic and algebra. The non-astronomical mathematical categories of pati 
and bija, dealing respectively with procedures for operating with known and 
unknown quantities, are sometimes allotted an individual chapter or chapters in a 
Jyotisa work. 


1.2.3. The paksas or parameter schools 


The general similarities of model and method described here did not prevent 
classical jyotisa works from significantly diverging in some aspects of their content. 
In particular, different choices about their fundamental parameters, mostly in the 
values of the celestial bodies’ revolution-numbers and consequent mean velocities, 
streamed most such works into one of the following few categories, generally called 
paksa “wing, side” or more loosely “school.”!7 


Brahmapaksa. The “astronomy of Brahma” is mentioned as a source at the close 
of the Aryabhattya of Aryabhata, composed about 500 CE. We have no definitively 
identified earlier text specifying the Brahmapaksa’s parameters; the somewhat 
fragmentary Paitamahasiddhdanta has been dated to the fifth century in Pingree 
(1967-8), but a later date is argued for it in van der Waerden (1980). The seminal 
surviving exponent of this system, in which time begins at sunrise at the start of 
the kalpa, is the Brahmasphutasiddhanta of Brahmagupta composed in 628; the 
canonical Siddhdntasiromani of Bhaskara II in the twelfth century also follows it. 
Its main region of influence appears to have been northern and western areas of 
India, although the Siddhantasiromani was famed throughout the subcontinent. 


Aryapaksa. The abovementioned author of the Aryabhatiya developed in it his 
own set of parameters, like the Brahmapaksa using a sunrise epoch, but with a 
different division of the mahdyuga. This became the dominant paksa in southern 
India. 


Ardharatrikapaksa. The same Aryabhata in the sixth century also developed ina 
different siddhanta another parameter suite known as the “midnight” (ardhardatra) 
paksa, from its choice of epoch. No canonical treatise for this system survives, but it 
is partially documented in the Khandakhadyaka of Brahmagupta, notwithstanding 
his emphatic critiques of many aspects of Aryabhata’s astronomy. Especially in 


'7 These canonical “school” divisions in jyotisa are discussed in Plofker (2014, pp. 1-2) and Pingree 
(1978a, pp. 534, 629-630). To the best of our knowledge, the earliest references to them in Sanskrit 
sources include Dinakara’s Candrarki (verse 2) as well as Mallari in his commentary to Ganesa’s 
Grahalaghava (Jost 1994, pp. 44-45, verse 1.16). The terms paksa and pratipaksa are well-known 
terms in philosophy, meaning opposing positions in an argument or a debate, but the etymological 
path for the evolution of the general concept of a paksa as a school of opinion and/or intellectual 
lineage in Sanskrit remains to be explored. The paksa identities of individual table texts, where 
known, are specified in Appendix A, and the characteristic parameters of the various schools in 
Appendix B. 
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northern India some astronomy manuals were composed within the Ardharatrika- 
18 
paksa. 


Saurapaksa. Another midnight-epoch system, the Saurapaksa or “sun (siurya) 
school” is embodied in a recension of the Siryasiddhanta dating to around the 
eighth century. It gave rise to many works especially in central and eastern India, 
and like the Brahmapaksa seems to have been the basis of many table texts. 


GaneSapaksa. This parameter system was set out in the handbook Grahalaghava, 
which was composed by GaneSa in 1520 and was widely adopted in northern and 
central India. It is a modified combination of parameters from other paksas based 
on Ganesa’s own observational tests of their accuracy. 


1.3 Astrological aspects of jyotisa 


Astral omens about eclipses, the appearance and position of the moon, and other 
celestial phenomena appear in Sanskrit texts as early as the first millennium BCE. 
As discussed in Section 1.1.4, the spread of Hellenistic genethlialogy near the turn 
of the millennium added to these omen corpora highly mathematized predictions 
about planetary positions and their impacts on terrestrial events, which became 
inextricably linked with ritual calendrics as part of the fundamental purpose of 
jyotisa.'? 


1.3.1 Divination from omens or samhita 


Terrestrial omens, such as the movements of animals and birds, bodily traits and 
markings, and everyday incidents and accidents (including dreams) dominate the 
tradition of divination from omens. But many meteorological and celestial events 
too, most significantly eclipses but also more routine phenomena like planetary 
risings and settings, the moon’s occupation of a particular naksatra, and the 
orientation of the lunar crescent, are identified as auspicious or inauspicious in omen 
texts.?9 


'8This school is represented in southeast Asian calendric traditions as well; Ohashi (2008, p. 
323) suggests that its diffusion may reflect a particular affinity for the Ardharatrikapaksa among 
Buddhists. 

'9For an account of the development of celestial omens in the ancient near east and their spread to 
other early cultures of inquiry, see Pingree (1997). For general surveys of astral omens and other 
branches of astrology, see Gansten (2010, 2011). 

0 The classical authority for astral omens in Sanskrit is Varahamihira’s Brhatsamhita (Kern 1865). 
A detailed list of editions and translations is given in Pingree (1981, pp. 72-73, note 36). 
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1.3.2 Celestial forecasting and horoscopes 


The basic notion of a horoscope or prediction of life outcomes from the configura- 
tion of stars and planets at the native’s birth, and its relation to the terrestrial location 
of the birth via the ascendant or point where the ecliptic crosses the local eastern 
horizon, was fundamental to Hellenistic astral sciences. It merged with Indian 
divination traditions in the early first millennium CE to launch the complicated 
genethlialogical systems known as jdtaka “nativity.” 

The predictive capacities of horoscopes were speedily sought in many situations 
other than nativity forecasting. The practice of casting a horoscope for the moment 
when a questioner inquires about a particular matter of uncertainty (such as a 
lost object or an imminent danger), and predicting its resolution based on that 
horoscope, was called prasna “question,” i.e., the astrology of interrogations. The 
reverse practice of identifying auspicious moments to perform particular actions, 
inspired by Hellenistic catarchic astrology, was known as muhurta “moment,” a 
blend of horoscopy with omen interpretation. Two very common subjects of inquiry 
in muhurta were marriage (vivaha) and military expedition and travel (yatra), which 
evolved into astrological subfields in their own right. 


1.3.3 Fundamental astrological concepts 


The single most important entity in Indian astrology is the horoscope or forecast 
derived from a complex of celestial data, particularly the nativity birth-chart or 
janmapattra.?! The horoscope’s fundamental basis is the positions of the planets 
in the zodiac at the moment of the native’s birth or some other crucial time. A 
planet (graha) is one of the nine celestial bodies including the luminaries, the five 
star-planets, and the moon’s nodes. The luminaries and star-planets are assigned 
pairwise relationships as friends (mitra), neutral (sama), or enemies (Satri), e.g., 
the sun is in friendship with the moon, Mars, and Jupiter, in enmity with Venus and 
Saturn, neutral with respect to Mercury, and so forth. 

These seven planets are allotted special “lordship” over one or two individual 
zodiacal signs (rdasis or 30° arcs of the ecliptic) considered to belong to them. In 
addition, each of these seven has an “exaltation” (ucca) or sign in which its power 
is intensified, especially in a particular degree of that sign, as well as a sign and 
degree of “dejection” (nica) diametrically opposite the ucca. The 12 signs with their 
planetary lords and their degrees of exaltation for a designated planet are shown in 
Table 1.1. 


2I Various astrological concepts are covered in Brhajjataka (Jha 1934) including divisions of 
zodiacal signs (1.6—12), exaltation/dejection (1.13), friendships/enmities of planets (2.15—18), 
dasas/antardasas (chapter 8), astakavarga (chapter 9), moon in naksatras and zodiacal signs 
(chapters 14-15), drstis (chapter 19), bhdvas (chapter 20), and vargas (chapter 21). 


26 1 Introduction 


Table 1.1 Zodiacal signs with their planetary lords and degrees of exaltation (ucca) (Jha 1934, 
pp. 15-16). 


Sign 1 Aries 2 Taurus 3 Gemini 4 Cancer 
Lord Mars Venus Mercury Moon 
ucca 10° Sun 3° Moon 5° Jupiter 
Sign 5 Leo 6 Virgo 7 Libra 8 Scorpio 
Lord Sun Mercury Venus Mars 
ucca 15° Mercury 20° Saturn 

Sign 9 Sagittarius 10 Capricorn 11 Aquarius 12 Pisces 
Lord Jupiter Saturn Saturn Jupiter 
ucca 28° Mars 27° Venus 


Planetary influences were held to depend not just on their positions with respect 
to the zodiac and one another, but also on the terrestrial locality from which they 
were perceived. The core concept in this regard is the ascendant or horoscopic point 
(lagna), where the ecliptic intersects the eastern horizon of the locality. This point 
determines the division of the ecliptic into 12 houses (bhava or grha). The first 
bhava is usually equated to the entire sign containing the ascendant. Alternatively, 
it may be considered as a 30° arc of the ecliptic measured east from the ascendant, or 
the first one-third of the ecliptic arc between the ascendant and the prime meridian, 
etc. Consequently, the tenth bhava, around 270° from the house of the ascendant, 
will be the house containing midheaven. 

The nature and power of a planet vary greatly depending on which house, sign, 
and/or part thereof they occupy. These variations include “aspect” or drsti, in which 
a planet affects a house standing at a certain angle from its own. (A planet may 
also aspect another planet depending on their relative positions.) A planet’s transit 
(gocara) from one house or sign to another is also considered significant. Moreover, 
various combinations of planet, house, and aspect configurations are designated yo- 
gas (literally “conjunction” or “combination’”), which have special impacts of their 
own. 

Along with its division into 12 signs, the ecliptic is apportioned among the 
27 naksatras or lunar constellations (see Table B.3). Each of these can affect the 
influence of the moon or some other body that occupies it, as well as interacting 
with the configuration of the houses to modify their effects. The zodiac is further 
complicated by the schemes known as vargas or rasi-bheda “dividing of signs,” 
which partition each sign into a certain number of equal parts or amsas. There are 
traditionally 16 such vargas based on the divisors 1, 2, 3, 4, 7, 9, 10, 12, 16, 20, 24, 
27, 30, 40, 45, and 60, but other divisors may also be used.22 These “micro-zodiacs” 
impart ominous characteristics of the zodiac as a whole to subdivisions of a single 
sign. A few of the most important vargas, which together with the base category of 
rasi or sign make up the “six vargas” (sadvarga), are shown in the table below. 


22 See Brhajjataka 1.6—7, 1.9 (Sha 1934) and Horasastra (chapter 6) (Kapoor 1991). 
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hora dreskana |navaémSa | dvddasamSa | trimsamSa 
2x 15° |}3x 10° | 9x 3°; 20 | 12x 2°;30 | 30x 1° 


The so-called astakavarga or “varga of eight” is somewhat different from these 
rasi-division vargas. It is a sort of point-scoring system for assessing the cumulative 
effects of the planets’ positions on one another and on that of the ascendant. 
Each planet is held to have special benefic or malefic influences in certain houses 
separated by given intervals from the house occupied by some other planet, by the 
ascendant, or by itself. The assignment of these auspicious or inauspicious house- 
intervals for a given planet changes depending on which object it is influencing. So 
each planet has its own astakavarga chart listing its house-interval effects for each 
of the seven planets and for the ascendant (hence the “eight” in its title; an example 
of such a chart is shown in Figure 4.72). Malefic and benefic impacts are designated 
“points” (bindu) and “lines” (rekha), though sources do not always agree on which 
is which.”? 

The diverse features of a planet’s circumstances at a given moment determine 
its avasthd or “situation/status,” one of a group of states such as “power” or “hap- 
piness” or “misery” that have corresponding impacts upon the horoscope. Further 
complexities are added to the system by the concept of planetary “conditions” or 
“life stages” that correspond to, and exert influence on, the lives of humans. All 
the planets’ effects are further modified by being filtered through the system of 
dasas or life stages. Various terms of years in a native’s life are assigned to different 
planets depending on the naksatra occupied by the moon at the moment of birth. 
Then the predictions of the horoscope are allocated to the appropriate life stage(s) 
based on the dasa result. Since there are also numerous subdivision schemes for 
the dasas (antardasds or “inner dasas”), each with its own modifications of the 
predicted influences, the system is sufficiently intricate to accommodate virtually 
any apparent discrepancy that may arise in predictions. 


1.4 Text genres in classical jyotisa 


Any type of Sanskrit jyotisa work may be generally designated grantha or pusta- 
ka, “book, composition.” Additionally, in the classical and late medieval periods 
there developed several distinct textual genres for various practical and pedagogical 
purposes which have lent their names to the titles of many works representing them. 
The following sections briefly survey the main characteristics of these genres. 


23 While Bhattotpala explains in his commentary on the Brhajjdtaka (verse 2.9) that points are 
benefic and lines are malefic (Jha 1934, p. 143), in his Horasastra (verse 66.14—15), Parasara 
associates points with malefic effects and lines with benefic effects (Kapoor 1991, p. 844). 
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1.4.1 The comprehensive treatise or siddhanta 


The Sanskrit word siddhanta (literally “doctrine,” “treatise”) appears to be the 
earliest standard term for detailed verse expositions of mathematical astronomy. It is 
characterized especially by the convention of stating its mean-motion parameters in 
terms of immense numbers of integer revolutions during a very long period, usually 
a kalpa or lifetime of the universe. Some sources distinguish the tantra (“model” 
or “system’’) as a similar but separate genre or subgenre typified by the use of the 
shorter eon or mahdyuga instead of the kalpa.** Using one of these eons instead of a 
historical epoch date as its zero-point of time, a siddhanta or tantra is theoretically 
equally applicable to any time from the remote past to the far future. In fact, this 
characteristic of timelessness can make it difficult to identify the date of composition 
of such treatises to within a few decades or even centuries, especially ones ascribed 
to a divine author. 

The siddhanta is usually divided into about one or two dozen chapters (adhyaya 
or adhikara) on various topics, beginning with the fairly canonical sequence 
described in Section 1.2.2 for the fundamental astronomical computations. These 
initial chapters are frequently lumped together as a main section or “volume” 
(also conventionally called an adhydya) under the name ganita “calculation.” 
Their approach generally prizes comprehensiveness over concision, for example, in 
supplying multiple techniques for computing the same quantity in mathematically 
exact or conveniently approximate form. 

Later chapters may be devoted to any of a wide variety of astronomical and/or 
mathematical topics, ranging from non-astronomical arithmetic and algebra to the 
construction and use of observing instruments to the combinatorics of Sanskrit 
prosody. In particular, a siddhanta often contains an expository chapter or multi- 
chapter adhyaya called gola (“sphere” or “spherics”’) discussing the mathematical 
rationales for spherical cosmological models and the algorithms based on them. 

The pedagogical nature of the siddhanta is highlighted by its emphasis on 
understanding such mathematical rationales and theoretical aspects of astronomy 
in general. Exhortations to students about the importance of studying gola explana- 
tions as well as just memorizing ganita algorithms, in order not to be found wanting 
in “assemblies of the learned,” will be recognized by mathematics teachers across 
the centuries.” 

Prominent works in this genre include what are probably the three most 
famous Sanskrit mathematical works within modern history of mathematics: the 
Aryabhatiya of Aryabhata composed around 500 (Shukla 1976), the 628 Brahma- 


>4For the distinction of the tantra based on the period, see Chatterjee (1981, vol.II, p. 3) or Pingree 
(1981, pp. 48-51). 

>For passages by Sanskrit authors which underscore the importance of studying the gola, see, 
for instance, Brahmagupta in his Brahmasphutasiddhanta (verse 21.1) (Dvivedi 1901-1902, 
p. 359), Vatesvara in his Vatesvarasiddhanta (Gola verses 1.1—6) (Shukla 1986, vol.II, pp. 613-4), 
Nityananda in his Sarvasiddhantardja (Gola verse 2) (Misra 2016, pp. 105-106). 
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sphutasiddhanta of Brahmagupta (Dvivedi 1901-1902), and the 1150 Siddhanta- 
Siromani of Bhaskara II (Sastr7 1989) (see Section 1.2.3). The Sisyadhivrddhida- 
tantra of Lalla around the eighth century (Chatterjee 1981), the Siddhantasekhara 
of Sripati in the mid-eleventh century (Misra 1932, 1947), and the 1500 Tantra- 
sangraha of Nilakantha in the south Indian school of Madhava (Ramasubramanian 
and Sriram 2011) are also important exponents of the siddhdnta/tantra tradition. A 
group of texts composed probably in the late first up to the early second millennium 
is known as the “divine (apauruseya) siddhantas” from the ascription of their 
authorship to various deities (Dikshit 1981, pp. 26-27; Pingree 1981, pp. 26, 30). 


1.4.2. The astronomical handbook or karana 


An equally important type of Sanskrit verse astronomy text, apparently developed 
contemporaneously with the siddhdnta and in many cases by the same authors, is the 
more practically convenient genre called karana “doing,” “making,” “calculation.” 
Almost always attributed to a human rather than divine author, a karana employs 
a contemporary epoch date and approximate parameter values in place of the 
“universal” parameters of the siddhdnta genre, and its trigonometry uses cruder 
sine values and/or algebraic approximation formulas to simplify calculations. 
Descriptions of karana texts frequently emphasize their ease of use and compact 
size.*° 

Significant examples of this genre include the Khandakhddyaka by the above- 
mentioned Brahmagupta (Chatterjee 1970) and the Karanakutihala of Bhaskara II 
(Mishra 1991), as well as the Laghumdnasa of Mufijala composed in the tenth 
century (Shukla 1990) and the 1092 Karanaprakdsa of Brahmadeva (Dvivedi 1899). 
Probably the most renowned work in this category besides the Karanakutithala is 
the 1520 Grahalaghava of Gane§a (Josi 1994). 


99 66 


1.4.3. The annual calendar or pajicanga 


The annual calendar or paficanga “fivefold” synthesizes essential aspects of the 
ancient ritual timekeeping, historical eras, astronomical models, and astrological 
purposes described above into a unified though complicated system. A complete 
calendar for a given year would list the sequence of all the days in the year, along 
with the specific times during each day marking the transitions of the other time- 


6This is exemplified by the criteria laid down in Vatesvara’s early tenth-century siddhanta for 
composing a karana work: “A karana is to be made quite concise, not apparent to others, easily 
used by the stupid.” (Shukla 1986, vol. I, p. 56). 
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units, and the occurrence of prescribed religious rites and festivals along with 
particularly auspicious or inauspicious celestial events such as eclipses. 

The name of this ephemeral genre refers to the five chief time-units whose 
passage the calendar tracks. All of these can be approximated by mean or average 
versions based on assumptions of uniform angular motion for the sun, moon, 
and lunar node. But the construction of a calendar generally requires taking into 
account their deviation from uniform motion, so that, e.g., sunrise or full moon will 
correspond (more or less) to the observed moment of the astronomical phenomenon 
in question, and not just to the passage of an average time-unit. The calendar 
typically references all of the following time-units in addition to the familiar masa, 
(synodic) “month,” and samvatsara, (solar) “year??’: 


tithi This is the fundamental unit of the Hindu ritual calendar, equal on average to 
one-thirtieth of a synodic month. Natal anniversaries, puja (worship) ceremonies, 
and so forth are typically celebrated with reference to a given tithi of a given 
month rather than to a civil day. The astronomical definition of the fithi is 
the time period during which the elongation or angular separation between the 
longitudes of the sun and moon increases by exactly 12°. Since the irregularities 
of the sun’s and moon’s motion cause variations in their apparent speed, the 
length of a true tithi is constantly changing, generally falling a little short of but 
sometimes exceeding the length of a mean civil day. A professional paficdnga- 
maker is required to determine at exactly which times in which successive days 
a given tithi starts and ends, and which tithis fall entirely within a single civil 
day (“omitted” tithis) and which extend beyond a given civil day on both sides 
(“additional” fithis). 

vara The vara or weekday indicates a given date’s position in the familiar regular 
7-day cycle. It is never (deliberately) interrupted or intercalated. 

naksatra This is a purely lunar time-unit, indicating the time required for the 
moon to traverse an arc of 13° 20’ in longitude or 1/27 of the ecliptic. Again, 
its true value depends on the varying speed of the moon and requires more 
complicated calculation than the uniform interval of the mean naksatra. 

yoga The yoga (distinct from the astrological yoga or conjunction mentioned 
in Section 1.3.3) is the interval during which the sum of the sun’s and moon’s 
longitudes increases by 13° 20’. There are 27 of these units in a month. 

karana A true karana (here distinguished from the handbook/manual genre of the 
same name) is exactly one-half of the true tithi within which it falls. There are 
four fixed karanas in a lunar month, which occur in the last tithi of one month 
and the first of the next; after the first tithi comes a sequence of eight repetitions 
of the seven “moveable karanas.” 

paksa The paksa “side, half” (not in the previously mentioned sense of “astro- 
nomical school,” sometimes translated as “fortnight’’) is half a synodic month or 


7See more detailed descriptions of these quantities and the calendars that unite them in Plofker 
and Knudsen (2011), Sewell and Dikshit (1896), and Chatterjee and Chakravarty (1985). 
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15 tithis. The waxing or “bright” paksa begins at new moon and the waning or 
“dark” paksa at full moon. 

samkranti, solar transit This refers to the moment of entry of the sun into a 
zodiacal sign, whose successive recurrences constitute the 12 solar months. As 
with days and fithis, solar months and lunar months proceed roughly in one-to- 
one correspondence most of the time, but sometimes an interval of one kind will 
fall completely within an interval of the other kind. 

Suklapratipad This refers to the instant of new moon which begins the first tithi of 
the synodic month (in the amdnta convention; the purnimdnta alternative starts 
the lunar months at full moon at the beginning of the waning paksa). 


1.4.4 Astrological and miscellaneous works 


Although the immensity of Sanskrit astrological literature—mostly written in 
metrical verse, like other didactic texts—precludes describing it in detail here, we 
enumerate a few characteristic elements helping to identify it within jyotisa in 
the larger sense. Section 1.3.3 mentions many astrological technical terms which 
often appear in the titles of works treating them. In particular, because the nativity 
horoscope is the chief desideratum of Sanskrit astrological practice, any text whose 
title contains janma or jataka probably relates to it. The foremost early classic of 
this genre is the Brhajjataka of Varahamihira composed in the sixth century. A form 
of horoscopy inspired Persian/Arabic sources is called tajika, which includes the 
popular topic of annual horoscopes or hdyana. 

Interpretation of omens (samhita), whether celestial or mundane, always 
remained a key component of jyotisa divination practices, as illustrated by the 
seminal work Brhatsamhita by the aforementioned Varahamihira. Some prominent 
subdivisions of this topic relate to animal and bird signs (sakuna), bodily marks 
(samudrika, especially hasta-samudrika or palmistry), jewels (ratna), breathing 
(svarodaya), physical sites and buildings (vastu), and dreams (svapna). A later form 
of divination derived from Islamic geomancy is called ramala. 

Propitiatory and magical practices often involve concepts and methods from 
astrological and omen-related forecasting. Apotropaic rituals called santi are often 
addressed to the planets (graha), sometimes specified as nine in number including 
the lunar nodes (nava-graha). Diagrams for magical effect or divinatory interpreta- 
tion may be called cakra or yantra.”* 

Several of the topics typically treated in the later chapters of a siddhanta 
work may also have independent texts devoted to them. This is especially true of 
non-astronomical ganita applications. A standalone work may also be concerned 
with the exposition of a particular observational instrument or yantra, which 


?8For the history of these topics, see the general surveys in Pingree (1978c, 1981, 1997), as well 
as the canonical Brhajjataka (Aiyar 1905). 
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can sometimes be difficult to distinguish in a list of titles from works on the 
abovementioned magical or astrological yantra. 


1.4.5 The astronomical table text 


At some point probably in the early second millennium, the canon of Sanskrit math- 
ematical astronomy expanded to include many texts consisting solely or primarily 
of two-dimensional arrays of numerical values. They are generally accompanied by 
instructions on how to use the values to perform simplified versions of astronomical 
calculations, in place of the more laborious parameter-and-algorithm procedures in 
siddhdantas and karanas (Rupa K. 2014, p. 37) 

Such two-dimensional arrays acquired the technical names kosthaka, literally 
“granary, treasury, compartments” and sdrani, literally “stream, path, line,’ echoing 
the etymology of its classical synonym “canon”; see Appendix C.2.1 for a discus- 
sion of the use of such terms. The rest of this book is devoted to describing the 
emergence, development, and legacy of this genre of astronomical tables in Sanskrit 
Jyotisa. 


1.5 Tables and Sanskrit astral sciences in the second 
millennium 


Indian astronomy in the first few centuries of the second millennium, like its 
counterparts in the Islamic and European worlds, was firmly situated in a geocentric 
spherical universe whose fundamental models and parameters had been worked 
out centuries ago, but whose complexity still inspired ceaseless variation in 
astronomical techniques. However, this variation was not primarily displayed in the 
genre of comprehensive treatises. After the composition of the hugely influential 
Siddhantasiromani and the approximately contemporaneous “divine siddhdantas” 
with no attributed historical human author, only a few major siddhantas were 
composed in north India before the twentieth century. During the same time, the 
school of Madhava in south India continued the siddhanta tradition with some 
remarkable works such as Nilakantha’s Tantrasangraha. This section explores some 
of the other developments, primarily in the literature from the northern half of the 
subcontinent, that help fill in the blanks of the story told by the surviving traditional 
siddhanta works. 


1.5.1 Origins and development of Sanskrit tables 


Table texts in ancient astronomy are familiar as a continuous descent with modifica- 
tion extending through the Babylonian, Greek, and Islamic traditions successively, 
and eventually issuing in the manifold tables of modern astronomy in its pre- 
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computer period. The genesis of the Indian kosthaka/sdrani or astronomical tables 
appears to be collaterally related to this lineage, but with a substantial amount of 
independent development. 

Sequences of astronomical data in Sanskrit texts go back as far as the lists 
of constellations, months, etc., in some Vedic texts, whose date is very uncertain 
but which almost certainly cannot be younger than the late second millennium 
BCE. In the earliest surviving quantitative astronomy texts, computations relied 
on versified algorithms rather than extended sequences of tabulated data. Lists of 
key function values for astronomical/calendric calculations, such as daylight lengths 
corresponding to given times of the year or gnomon-shadow lengths corresponding 
to given times of a day, were also worked into the verses of metrological texts in the 
late first millennium BCE (Kangle 1960-1965, vol. 2, pp. 138ff). A few hundred 
years later, treatises on spherical astronomy routinely included brief sequences of 
stellar celestial coordinates and values of trigonometric functions, planetary orbital 
parameters, etc. (Plofker 2012). Such “versified tables” persist throughout the later 
history of jyotisa literature as the primary means of incorporating numerical data 
into verse texts. Scribes often repeated such data in displayed numeric-array tables 
accompanying the verses. Since most surviving Sanskrit manuscripts date from the 
last few centuries of the second millennium, we cannot trace the history of this 
scribal convention very far back, although there are examples of other displayed 
numeric data formats in a mathematical manuscript from several centuries earlier 
(Hayashi 1995). 

It seems highly likely that most astronomers constructed much more detailed lists 
or tables of function values for their own use, without reproducing them in full in 
compositions meant for dissemination, see, e.g., Shukla (1986, vol. II, pp. 227-228, 
verse 2.5.2). The compilation of such tables for distribution to others was perhaps 
in part a response to the spread of paper technology in early second-millennium 
northern India (Ghori and Rahman 1966; Rezavi 2014). In this way the chief locus of 
astronomical computation began to shift from the astronomer’s pati or other erasable 
working surface to the cells of the row-and-column grids permanently inked on a 
page (or as permanently as the typical life expectancy of a manuscript allowed, at 
least). 


South Indian jyotisa and the vakya system 


A different type of verbally encoded table data is found in the South Indian vakya 
or “sentence” texts, whose first explicitly dated surviving examples go back to the 
early second millennium but which are traditionally ascribed to an inventor several 
centuries earlier. They record celestial positions of the planets not by means of 
number words as in the Brahmasphutasiddhanta verse table cited above, but rather 
by assigning each of the consonants of the Sanskrit ndgari alphabet to one of the 
ten decimal digits, and then making up a short Sanskrit sentence for each given 
data value that contains consonants chosen and ordered to correctly represent its 
numerals. (See Pai et al. 2017 for a detailed discussion of one such vdkya text.) 


34 1 Introduction 
1.5.2 The influence of Islamic tables 


A detailed portrait of what Indian astral sciences looked like to a non-Indian 
observer at the very beginning of the second millennium is provided in the India 
of the Muslim scholar-scientist al-Birunt. Not being an accomplished Sanskritist 
(perhaps not at all literate in the language) (Pingree 1975), al-Birunit was dependent 
on commentaries and local pandits to explain the contents of the texts he discussed. 
Though the impressions he received of this material were almost certainly somewhat 
garbled and his comprehension of them was never complete, his descriptions of 
them constitute a unique and highly valuable survey of a textual corpus still very 
imperfectly known. 

In al-Birunt’s depiction (which of course is further constrained by the character- 
istics of the particular regional variant of Sanskrit astronomy that he encountered 
in the northwest of the subcontinent), the Indian exact sciences are still profoundly 
engaged with “classic” treatises from several centuries earlier. The most notable of 
these are the works of Aryabhata and Brahmagupta, from the early sixth and early 
seventh centuries, respectively. 

No identifiable Sanskrit numeric-array tables are described by Birunt, who was 
of course thoroughly familiar with such tables in the zijes of his own Greco-Islamic 
astronomy, and even constructed several in the India to aid his systematic explana- 
tions of features of Indian astrology.”° He does refer in the India to “a leaf of a canon 
(zij) composed by Durlabha of Multan [wargqa... min zij ‘amalahu Durlaba al- 
Miultani] which I have found by chance.” But it seems highly unlikely that this work 
of Durlabha actually included any sarani-style numerical tables of astronomical 
function values computed for, say, each degree of argument, after the fashion of 
a typical zi text. The only indication to that effect is al-Birtni’s application of 
the term zz to Durlabha’s composition, and he uses the same word in exactly 
similar ways to refer to, e.g., the sixth-century Pafcasiddhantika, the seventh- 
century Khandakhadyaka, and other karana works that apparently contain no such 
tables (Pingree 1981, pp. 32-34). That is, these karanas resemble the (mostly later) 
Islamic zij texts only in being handbooks for astronomical computation, not in 
providing extensive tables of pre-calculated values as a substitute for astronomical 
computation. Consequently, the so-called canon of Durlabha should be presumed 
to have been a typical karana text rather than an early form of kosthaka/sarani 
work. By the same token, these same works described on al-Biruni’s authority as 
“Sanscrit” zi texts (Kennedy 1956, p. 138) should not be mistaken for table texts. 


°Kennedy’s classic introductory survey of such texts defines them as follows (Kennedy 1956, p. 
123): “A zij consists essentially of the numerical tables and accompanying explanation sufficient to 
enable the practising astronomer, or astrologer, to solve all the standard problems of his profession, 
i.e., to measure time and to compute planetary and stellar positions, appearance, and eclipses.” 
Originally derived from the “Handy Tables” of Ptolemy, they were called zij from Persian zig or 
“cord,” a name which apparently associates the rows and columns of numerical tables with the 
warp and weft cords of a loom (and which may or may not have inspired the somewhat similar 
Sanskrit name sdrani). 
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In fact, the first Indian works fully corresponding to our usual notion of an astro- 
nomical table text are thought to have been initially inspired by Islamic zijes like 
those known by al-Birint.*° The inference is supported by fundamental similarities 
between some Indian and Islamic table types, along with the presence of many 
Islamic zijes in second-millennium India. The chronology of this presumed cross- 
cultural adaptation of the zz into the kosthaka, however, remains very uncertain. 

As with the origins of the siddhanta and karana genres nearly a millennium ear- 
lier, there is no textual evidence documenting the initial steps of this development: 
the earliest surviving kosthaka/sarani works already exhibit mature specimens of the 
Sanskrit table-text format, although some of them combine it with characteristics of 
the karana (see Chapter 5). Most of the surviving works in this genre date from the 
sixteenth and seventeenth centuries. 


1.5.3. Concurrent developments in jyotisa 


In the couple of centuries following Biriini’s account, Indian jyotisis began employ- 
ing the so-called bijas (not exactly the same as, though not unrelated to, bija in the 
sense of “algebra’’) or sets of parameter modification constants. The construction 
and application of these adjustments is still not fully understood, but they seem 
to have been designed both to update the values prescribed in old texts for better 
agreement with current results and to convert results obtained using one set of 
paksa parameters to values consistent with a different paksa. Although they are 
first explicitly attested in an eleventh-century table text (see Section 5.1), they are 
firmly entrenched in north Indian jyotisa works of all kinds by the twelfth century.*! 

The previously mentioned group of “divine siddhdntas” also emerged approx- 
imately during the early second millennium. This timing suggests the tentative 
speculation that their re-centering of the view of jyotisa as a sacred tradition in 
the Indian universe of dharma may have been conceived partly as a response to 
foreign influences from outside that universe, i.e., in Islamic astronomical texts 
and also the adoption of Islamic branches of astrology/divination such as ramala 
and tajika. However, a far more powerful force for the perpetuation of classical 
jyotisa in its traditional form was a decidedly human siddhdnta, the magisterial 
Siddhantasiromani of Bhaskara II composed around 1150.°? 


30See Pingree (1981, pp. 41-46) and Plofker (2009, pp. 274-277). 

3!The use of bija-corrections in Sanskrit astronomy is surveyed in Pingree (1996a), Hayashi 
(2008a) and Rao (2000, pp. 281-285). Such bijas are found in, for instance, the Grahajiidna of 
Asadhara, the Mahddevi of Mahadeva, works of Dinakara, and the Brahmatulyasdarani. 

3? Although it has been suggested in, e.g., Pingree (1978a, pp. 585-586) that this treatise may show 
traces of Islamic influence in its trigonometric rules and tables, it seems more likely to represent a 
parallel evolution within classical jyotisa. 
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The role of the verse-only handbook in the period from approximately the early 
thirteenth century, by which time the canonical status of Bhaskara’s manual Kara- 
nakutuhala seems to have been well established, to the early sixteenth when the 
Grahalaghava of GaneSa (Section 5.6.1) became the next standard karana work, 
also raises some intriguing questions. The surviving textual corpus suggests that 
in the meantime, kosthaka table texts successfully competed for the attention of 
jyotists interested in practical computation. It may not be too far-fetched to view the 
Karanakutihala itself as a deliberate “reclamation” by Bhaskara, the master of both 
synthesis and innovative development in traditional jyotisa, of the traditional karana 
style consisting of verse algorithms without numeric-array tables. If true, this seems 
to imply an equally deliberate rejection of earlier “hybridized” works with their 
blend of familiar verse algorithms and unconventional (even partly foreign?) arrays 
of pre-computed data in tabular form. 


Chapter 2 ®) 
Content and classification of table texts Cneghfor 


In this chapter we outline two different aspects of the genre of Sanskrit astronomical 
table texts: the mathematical models underlying their construction and the chief 
approaches to their taxonomy. We begin by explaining in more detail the algorithms 
and models that were briefly outlined in Section 1.2.2. The subsequent section 
broadly surveys the numbers and distribution of manuscripts containing tables 
in Sanskrit manuscript collections, and describes the conventional notations and 
layouts that they exhibit. We then discuss various criteria for a rough taxonomy of 
table texts. 


2.1 Computing astronomical quantities 


This section analyzes some fundamental elements of the quantitative models used to 
solve astronomical problems in Sanskrit jyotisa. The full range of model details and 
variants is far too large to cover comprehensively here, but the following discussions 
should enable the reader to understand the basic purpose and construction of a 
majority of standard kosthaka/sarant tables. 


2.1.1 Mean motions 


The mean longitude A of a celestial body at a moment f time-units since the time of 
epoch is given by 


A=AgtAd-t 
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where Ag is its epoch mean longitude and Ad its mean motion or mean velocity. 
Conventionally the standard longitudes in Indian astronomy are sidereal, i.e., 
measured from a fixed starting-point among the stars. Astronomical treatises and 
handbooks generally prescribe procedures for finding ¢ in units of days (the 
ahargana) and multiplying it by a mean daily velocity value ultimately derived 
from period relations between integer numbers of years and revolutions in an eon. 
Table texts’ versions of these procedures usually involve tabulating mean longitude 
increments for various multiples of different time-units. 


2.1.2 True motions: manda longitude/velocity corrections 


A planet’s true longitude A is obtained by applying to its mean longitude 1 one 
or more correction terms (conventionally known as “equations”) derived from 
the trigonometric relationships between the positions of the earth, the planet, and 
its orbital apogee or ucca. The corrections may be produced directly from the 
trigonometric formulas described below, or from various approximations to them 
discussed in the later sections. 

The “equation of center” or “eccentric correction” of celestial bodies in geocen- 
tric spherical astronomy is the difference between their mean and true longitudes 
produced by what is termed the “eccentricity” of their orbits. Qualitatively, it 
accounts for the fact that an object on an elliptical orbit revolves about its focus 
rather than its center. In Indian astronomy, this is called the manda or “slow” 
correction, and is the only one required to find the true position of the sun or the 
moon. Its effect can be modeled, as shown in Figure 2.1, by a circular orbit whose 
center is displaced from the center of the earth or “eccentric” by the distance e (OC 
in the figure). Equivalently, it can be represented by a concentric circle of equal size 
bearing the center of a small circle or “epicycle” with radius ry = e (PP in the 
figure). In this model, the true planet moves uniformly on the epicycle with the same 
period as the epicycle center’s motion in the opposite direction on the concentric 
circle. Finally, abandoning the uniform-motion assumption, one can instead think 
of the true planet schematically as moving on the concentric orbit with a point at 
the apogee longitude exerting some kind of force at a distance to speed or slow its 
progress. 

Due to this equivalence, the equation of center (denoted jz) or manda-equation, 
called mandaphala in Sanskrit, is mathematically the same in both epicyclic and 
eccentric models: an epicyclic version is shown in Figure 2.2. Its dependence upon 
the so-called mean anomaly angle (mandakendra, ky) between the body’s mean 
longitude 1 at P and the longitude 24 mw Of its apogee A is given by 


'M sin KM 


kM =’ — Ady, sin = Hu 


'The eccentric/epicycle equivalence forms part of the conventional description of the manda-effect 
in, e.g., Siddhdntasiromani 2.27-29 of Bhaskara (Sastri 1989, p. 47). The non-uniform-motion 
interpretation is described in, e.g., Saryasiddhanta 2.1—-10 (Pandeya 1991, pp. 17-19). 
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Fig. 2.1 Equivalence of 
eccentric and epicycle 
geocentric orbital models for 
an observer at O, the earth. 
Planet P may move with its 
mean velocity on an eccentric 
circle with eccentricity OC, 
from the apsidal line OCAy 
through the angle 

AyCP = Am OP. Or the 
center P of its epicycle may 
move on a concentric circle 
through angle Ay O P while 
the planet P moves on the 
epicycle with the same speed 
in the opposite direction. In 
both cases, the true planet 
will appear to be on the line 
OP instead of at its mean 
position P. 


Fig. 2.2. Trigonometry of the 
manda-equation [L 
determined by the 
manda-anomaly angle ky, its 
scaled sine or bhujaphala 
PQ, and its scaled cosine or 
kotiphala PQ. 


to apogee 
toplanet ere 
true longitude P 


onecliptic /> 


epicycle 


° 


? 


concentric 


to apogee 
to planet longitude Ay 
true longitude on ecliptic 
on ecliptic A 
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Table 2.1 Behavior of sequences of approximate values of the manda-equation 


M 
* arcsin(sinky -ry/R), and of the manda-derived velocity correction A,, depending on 
the value of manda-anomaly ky. 


M 
km quadrant | Sequence of manda-equation values jz | Sequence of velocity-correction values A, 


0-90° Positive increasing (0, -.+, max) Negative increasing 
90-180° Positive decreasing (Umax, ..., 0) Positive increasing 
180-270° Negative decreasing (0,..., —Umax) | Positive decreasing 
270-360° Negative increasing (—wmax,...,0) | Negative decreasing 


where ry as before is the epicycle radius and Hy is the distance between the 
manda-corrected planet and the earth (OP in the figure). The equation jz is zero 
when the body is at its apogee or perigee, where the mean and true longitudes 
coincide. 

The hypotenuse or karna Hy can be expressed in terms of ky, R, and ry using 
the Pythagorean theorem to give the equivalent expression 


ry sinky 


V(rm sinkm)? + (R + ry coskmu)2 


sin l= 


where the right triangle sides rjy sink y and ry cos ky in the epicycle are sometimes 
called the bhujaphala and kotiphala respectively. In practice, Hy is frequently 
assumed to be equal to R (Yano 1997). With this assumption, the above expression 
for sings becomes merely a linear multiple of sinxy, so the same values of 
manda-equation jz will occur symmetrically in the four quadrants of manda- 
anomaly as shown in Table 2.1. The argument range of most manda-equation tables 
consequently extends only up to 90°, where jz is at maximum. 

Because a planet appears to move faster or slower depending on where it is 
on its orbit, the manda-equation adjustment in longitude involves a corresponding 
modification to the planet’s mean velocity v, which is termed the manda-gatiphala 


or angular velocity correction due to the manda-anomaly (here denoted Ads If we 
imagine the planet’s true velocity v as approximately the finite difference between 
two successive true longitudes A, and 2 with respective mean longitudes 1; and 
ho, we obtain v = Ax — Ay and 


Ay = 5 — v= (Ap — 4) — Qa — Aa) = (Aa — Ag) — (A — A) = a — J 


Consequently, algorithms for the manda-gatiphala will depend in some way on 
change in the manda-equation. Bhaskara II’s Siddhdntasiromani (2.36-38) pre- 
scribes for the gatiphala at a given moment a relation equivalent to the following 
formula: 


M - 
Ay= (v _ vAy) -cosky : (r/R) 
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where v4,,, the velocity of the manda-apogee, is always taken as zero for all planets 
except the moon. This relation ingeniously takes the cosine of the manda-anomaly 
as the instantaneous change in its sine, which in turn is proportional to the change 
in sin pw.” 

Qualitatively, the gatiphala correction ie is at its minimum (most negative) 
value when the planet is moving most slowly, at apogee or 0° of anomaly. During 
the first quadrant, it increases to zero so that at 90° of anomaly, the manda- 
corrected velocity equals the mean velocity. The gatiphala continues to increase 
to its maximum value when the planet attains its fastest motion at perigee, and then 
symmetrically decreases through zero down to its minimum as the planet travels 
back towards the apogee. These values are to be applied with appropriate order 
and sign to the mean velocity, depending on the quadrant in which the value of the 
anomaly «xy falls (see Table 2.1). 


2.1.3 True motions: sighra longitude/velocity corrections 


In addition to the equation of center resulting from orbital eccentricity, the five star- 
planets also require a second correction known as the “equation of conjunction” 
or “synodic correction”. Namely, from the vantage point of an observer on earth 
over weeks or months, the star-planets appear to periodically reverse direction while 
changing their speed. In a heliocentric model, this can be explained by the fact that 
the planets, in addition to the earth, are all revolving about the sun. The mechanism 
that Indian astronomers employed to account for this “synodic anomaly” is an 
epicyclic correction called sighra or “fast” (since the velocity of a planet’s sighra- 
apogee is much faster than that of its manda-apogee). 

This sighra-equation o is a function of the so-called stghrakendra or sighra- 
anomaly xs, measured between the mean longitude of the planet corrected by the 
manda-equation, Ay, and the longitude 14 s of the sighra-apogee: 

ks =has — 4m 
For superior planets, the sighra-apogee is taken to be the mean sun, and in the case 
of inferior planets, the planet itself (see Figure 2.3). As explained in Section 2.1.4, 
because the sighra-apogee As rotates faster than the mean planet about the earth, 
this model periodically produces apparent retrogradations of the planet when it is 
near opposition (or inferior conjunction for an inferior planet). 

The trigonometric derivation of the stghra-equation o at any given moment is 
similar to that of the manda-equation in the epicyclic model (see Section 2.1.2): 


rs sin Ks 
Hs 


sing = 


?The “calculus” nature of such techniques has been frequently discussed, see, e.g., Arkasomayaji 
(1980, pp. 110-111) and Rao (2017). 
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As 
A 


mean sun 


Fig. 2.3. Configuration of stghra-anomaly «sg for inferior planets (left) and superior planets (right). 
For Venus and Mercury the mean longitude of the sun coincides with that of the (manda-corrected) 
mean planet P itself, while for the other planets the mean sun is at the stghra-apogee longitude 
As. 


where rs is the radius of the planet’s stghra-epicycle and its true distance Hs from 
the earth is given by 


Hy = Virs sinks)? + (R+1rscosks)2. 


But due to the much larger size of the planets’ sighra-epicycles as compared 
to their manda-inequalities, the substitution of R as an approximation to the true 
hypotenuse distance or karna H is not feasible in this case. Consequently, the 
maximum sighra-equation value Omax Will occur not at the end of the first quadrant 
of stghra-anomaly ks, but rather at the value of anomaly equivalent to 


rs 
Kg = arccos (-=) : 
R 


Depending on the sighra-epicycle size for the planet in question, this anomaly value 
will fall somewhere between 90° and 135°. So tabulated sfghra-equation values will 
be symmetric only about the ends of the second and fourth quadrants of anomaly, 
not the first or third quadrant.* 

The combination of manda and Sighra corrections is usually prescribed in trea- 
tises and handbooks as an abbreviated iteration process, sometimes with additional 
modifications specific to Mars.* Table texts that include these equation values may 


3A modern analytical derivation of the omax result involves setting the derivative of the above 
expression for sino to zero and solving for the value of «gs that satisfies it, see Montelle and 
Plofker (2015, pp. 18-20). 

4The historical process of development and refinement of these iterated combinations of correc- 
tions is very obscure. Several versions used by Indian astronomers are described in Chatterjee 
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provide instructions explaining how to combine them, or may leave it up to the user 
to decide their application. 

As in the case of the manda-correction jz discussed in Section 2.1.2, the sighra- 
correction o to a planet’s longitude likewise entails a concep acne correction to 


its velocity due to the stghra-anomaly, the sighra-gatiphala or fas Tabulated values 
of this quantity suggest that its computation frequently relies on approximating it 
by the product Ao - u,, of the sfghra-equation difference and the anomaly velocity. 
If we now call the mean velocity corrected by the manda-gatiphala the “manda- 


M 
corrected” velocity vy = U+ Ay, then the additive combination of this vy with the 
Sighra-gatiphala produces the planet’s fully corrected true velocity v: 


Ss 
v=vUmM + Ay © vy + Ad - veg 


To understand the structure of this stghra-gatiphala in modern terms, we can 
analytically een instantaneous true velocity v as the derivative of true longitude 
A=A Mt o> 


d d= ays d 
erie, = atm +2) = atm) + 5 ©) 


d d 
=oum + Fae an 


= d 
UE aa odo eg 


d - 
where vy. = i (ks) is the rate of change of the sighra-anomaly ks = Aas — Am, 


7 ~ a a 
OF Ues = VAs — Vy «. The other derivative oe (a) can be approximated by the finite 
Ks 
difference Ao between two successive values of the stghra-equation. 


2.1.4 Synodic phenomena 


In modern heliocentric terms, the earth in its orbit periodically overtakes the slower- 
moving superior planets (Mars, Jupiter, and Saturn) and is overtaken by the faster 
inferior Venus and Mercury. This produces the recurring apparent halts, reversals of 
direction, disappearance in proximity to the sun, and reappearance that characterize 
the “wandering stars.” From a geocentric point of view, the same phenomena are 
explained by models in which the average apparent eastward motion in longitude 


(1981, vol. 2, pp. 51-53); a specially modified variant for Mars is given in Siddhdntasiromani 2.35 
(Sastrt 1989, p. 52). 
>See the discussion in Montelle and Plofker (2015, pp. 23-25) for a full derivation of the following 


: ; . : 7 d - 
equations. Note in particular that the true velocity formula v = vy + aoe (0) - Ves © UM + Ao - 
KS 


U«s 18 essentially equivalent to the Siddhdntasiromani’s rule in 2.39. 
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Fig. 2.4 Occurrence of 
retrogradation of a superior 
planet P as seen from the 
earth at O. The location of 
the mean sun (sampled for 
three moments at 5), $2, and 
53) determines the direction 
of the planet’s stghra-apogee, 
which causes the planet’s 
perceived ecliptic longitude at 
P3 to fall behind where it was 
previously at Po. 


ecliptic 


of the inferior planets is faster than that of the sun, which in turn is faster than that 
of the superior planets. In these models, the sighra-epicycles superimpose apparent 
smaller oscillations on the underlying net eastward motions. Figure 2.4 illustrates 
such an oscillation for a superior planet. 

An inferior planet seems to zigzag back and forth in the sky like a racer on a 
distant oval track, never getting very far away from the sun. In heliocentric terms, 
this is because the planet’s smaller orbit about the sun is confined within that of the 
earth. A superior planet, on the other hand, orbits beyond the earth, and appears to 
backtrack in the sky only when the earth passes it on the inside. All these motions 
appear slightly tilted with respect to the ecliptic due to the planets’ small orbital 
inclinations, i.e., the nonzero angle between the plane of the ecliptic and that of 
the orbit. The following specific events produced by these motions are classified as 
synodic phenomena. 


Superior planet: 


First station (vakra, “reverse”). The planet appears to slow down and then stop 
in its eastward motion (as the faster-moving earth catches up to it). 

Immediately after first station, the planet begins to “retrograde” or move 
backwards, i.e., westward, in the sky (as the earth passes by it). 

Opposition. In the middle of the retrograde arc, the planet and the sun are 180° 
apart in longitude: the overtaking earth is on the straight line between them. The 
planet is visible in the night sky from sunset to sunrise. 

Second station (marga, “on course”). The retrograde motion appears to slow 

and then stop as the earth rounds the curve of its own smaller orbit and the planet 
is no longer falling behind in longitude. 
After second station the planet’s apparent motion among the stars is eastward 
once more, and will remain so until the next occurrence of first station. The 
faster-moving sun continues to approach the planet from the west, decreasing 
the nighttime interval in which the planet can be seen. 
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Acronycal setting/last visibility in west (pascima-asta, “west setting’). The 
planet is just far enough east of the sun to be briefly visible above the setting sun 
on the western horizon. On subsequent nights it will be too close to the sun to be 
seen. 

Conjunction. The (invisible) planet has the same longitude as the sun, 1.e., the 
positions of the planet, sun, and earth are again collinear, but this time with the 
sun in the middle. 

Heliacal rising/first visibility in east (purva-udaya, “east rising”). As the 
faster-moving sun pulls away to the east, the planet rising on the eastern horizon 
will become visible just before sunrise. Until its next acronycal setting it will be 
visible for at least some part of every night. 


Inferior planet: 


First station (vakra, “reverse”). As the planet reaches its greatest eastern elon- 
gation from the sun (i.e., as it rounds the curve of its smaller orbit as seen from 
earth) its eastward motion appears to slow and then stop. 

Immediately after first station, the planet appears to move westward or retrograde 
in the sky as its orbit takes it to the far side of the sun. 

Acronycal setting/last visibility in west (pascima-asta, “west setting’). The 
westward-moving planet as it approaches the sun is visible just above the setting 
sun on the western horizon; this is the start of its first period of invisibility. 

Superior conjunction. The planet has the same longitude as the sun, which lies 
directly between the planet and the earth and hides the planet from view. 

Heliacal rising/first visibility in east (puirva-udaya, “east rising’). The 
westward-moving planet passes the sun and becomes visible again on the eastern 
horizon just before sunrise. 

Second station (marga, “on course’). The westward motion slows down and 
stops as the planet reaches its greatest western elongation from the sun. 

After rounding the western end of its orbit the planet moves east again on the 
near side of the sun. 

Heliacal setting/last visibility in east (purva-asta, “east setting”). The 
eastward-moving planet, overtaking the sun, is visible for the last time on 
the eastern horizon before sunrise, then enters its second period of invisibility. 

Inferior conjunction. The (invisible) planet once more has the same longitude 
as the sun, this time positioned between the sun and the earth. 

Acronycal rising/first visibility in west (pascima-udaya, “west rising”). The 
faster eastward-moving planet pulls away from the sun and becomes visible on 
the western horizon after sunset. 


The elongations for the following pairs of phenomena add up to 360°, as illus- 
trated in Table 2.2: first and second station, east rising and west setting, west rising 
and east setting. This is because each of these pairs of phenomena is symmetric 
about opposition, superior conjunction, or inferior conjunction, respectively, where 
the synodic elongation is either 180° or 0°. 
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Table 2.2 Degrees of synodic elongation where the various synodic phenomena occur, as specified 
in, e.g., Brahmasphutasiddhdnta 2.48, 2.52-53, Siddhdntasiromani Grahaganitadhyaya 2.4144. 
Other authors record slightly different values for some of them (Shukla 1986, vol. 2, p. 221). 


Planet East rising | West setting | West rising | East setting | First station | Second station 
Mars 28 332 - - 163 197 
Mercury | 205 155 50 310 145 215 
Jupiter 14 346 - - 125 235 
Venus 183 177 24 336 165 195 
Saturn 17 343 - - 113 247 
zenith 


horizon 


Fig. 2.5 Projection of the visible celestial hemisphere onto the plane of the local meridian at 
terrestrial latitude @, showing the sun at true local noon on an equinox (1.e., at the intersection of 
the meridian and the celestial equator). A vertical gnomon whose tip is imagined at the observer’s 
position O makes the angle @ with the ray of the equinoctial noon sun, casting a horizontal shadow. 


2.1.5 Times, ascensions, and shadows 


Terrestrial latitude and longitude. The timing and appearance of celestial phe- 
nomena at a particular location on the earth are dependent on the location’s latitude 
and longitude. The terrestrial latitude ¢ is measured from zero at the earth’s equator, 
conventionally designated Lanka. Latitude is frequently expressed in terms of the 
“noon equinoctial shadow” so, the shadow of a standard gnomon (usually 12 digits) 
when the sun is on the intersection of the local meridian and the equator, i.e., at 
noon on an equinoctial day. As shown in Figure 2.5, the angular distance from the 
local zenith to the noon equinoctial sun is equal to the latitude, so the relationship 
between ¢ and so for a 12-digit gnomon can be expressed as follows: 


sing So 
cos@ 12 


Terrestrial longitude is measured to the east or west of the prime meridian, which 
in Sanskrit texts is generally represented by a list of localities including Lanka and 
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Fig. 2.6 The sphere of the north pole 
earth, showing the latitude @ = 

of a locality as the arc on the 
local meridian between its 
parallel of latitude and the 
equator, and the equatorial 
arc of longitude from the 
local meridian to Lanka on 
the prime meridian. 


equator 


Ujjain. Geometrically, as illustrated in Figure 2.6, a nonzero longitude corresponds 
to the arc of the equator between the prime meridian and the local meridian. In 
practical terms, this arc can be found from the local time difference At in ghatis 
between observations of the same celestial event at the specified locality and at a 
locality on the prime meridian (Sen 1975). 


longitude = At 
360° ~—s 60 


Alternatively, if the earth’s circumference Cg is known along with the locality’s 
latitude ¢ and its distance d due east or west of the prime meridian, then the length 
of the equatorial arc between the prime meridian and the local meridian is equal to 
d/cos ®@. So the local longitude in degrees can be determined from the following 
proportion: 


d 360° 


longitude = _— 
cos@ CE 


Since accurate values of longitude are in practice quite difficult to determine, 
Sanskrit texts may employ simple approximations for At based on estimates of d. 


Ascensions. A fundamental concept in Indian astronomy is that of “rising” or 
“ascension.” Qualitatively, mean time is related to the amount of arc of the celestial 
equator that rises above the observer’s horizon in a given interval. As illustrated in 
Figure 2.7, ascension is the time interval or equatorial arc corresponding to the rising 
of a specified arc of the ecliptic above the horizon at a specified terrestrial latitude 
@. Since the inclination of the ecliptic to the equator causes ascensions to differ for 
different arcs of the ecliptic, the longitudes used in computing them are tropical, i.e., 
measured eastward from the vernal equinox or ecliptic-equator intersection rather 
than from the ecliptic’s sidereal zero-point. 

Amounts of ascension at the terrestrial equator, where the celestial equator 
intersects the local horizon perpendicularly, are called lankodaya “rising at Lanka” 
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north pole 
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® 


zenith : 
horizon 


sun at ecliptic 


SS See ee ns day-circle 


equator 


Fig. 2.7 The eastern half of the celestial sphere at sunrise on a summer day at northern latitude 
@ = PN, showing the cardinal points S$, E, and N on the local horizon and the vernal equinox 
V at the intersection (with obliquity &) of the celestial equator and pelipue, The rising sun at the 
ascendant point A has longitude A = VA and declination 6 = AB. The sun’s right ascension a = VB 
is the sum of its oblique ascension p = VE and the ascensional difference w = EB. 


(i.e., where latitude is zero). In modern terminology they are known as “right” 
ascensions and denoted a. At localities with nonzero latitude, the celestial equator 
intersects the horizon at an angle equal to the complement ¢ of the local latitude, 
and the corresponding “oblique” ascensions are more broadly called udaya “rising” 
(denoted ¢). The point of intersection between the ecliptic and the eastern horizon at 
any given moment is called the ascendant or horoscope-point (/agna “‘intersection’’). 
Right or oblique ascension intervals themselves may be called lagna, as they 
represent the amount of time elapsed between two specified ascendants. 

Right ascension depends trigonometrically on tropical longitude A, the ecliptic 
obliquity ¢, and the ecliptic declination 6 as follows: 


. sind cosé 
sina = ———__—— 
cos 6 

This declination (krdanti “step,” denoted 5) is the angular distance in degrees between 
the equator and a point of tropical longitude 4 on the ecliptic, measured on a 
great circle passing through the poles of the equator. Its maximum value equals 
the ecliptic obliquity ¢, which in Sanskrit jyotisa has the standard value 24°. A 
declination arc north of the equator is conventionally treated as positive, and a 
southern declination as negative. The trigonometric rules used to compute it are 
variants of the following equation: 


sind = sine: sind 
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The radius of a “day-circle” or small circle lying parallel to the equator between the 
equator and a tropic is proportional to cos 6. 

Standard intervals of right ascension for the first three zodiacal signs are assigned 
the values 278, 299, and 323 vighatis respectively. Note that they sum to 900 or 
equivalently 15 ghatis, one quadrant of the celestial equator, for the entire first 
quadrant of the ecliptic.° By symmetry, the corresponding values of a for the three 
signs in the third quadrant are also {278, 299, 323}, while those for the signs in the 
second and fourth quadrants are {323, 299, 278}. 

Corresponding intervals of oblique ascension for each zodiacal sign or some 
subdivision thereof are useful for telling the time at night at the observer’s latitude, 
as well as for astrological procedures. For any given terrestrial latitude @ and solar 
declination 4, the difference between right and oblique ascension is known as cara 
“variation” or “ascensional difference,” denoted w. In Sanskrit texts the formulas 
for w reduce to the following general equation or some approximation of it: 


sinw = tan@ tand 


A desired oblique ascension corresponding to a given right ascension is easily 
computed as o = a + (subtracted for signs in the first and fourth quadrants, 
added in the second and third). When converted to time-units the ascensional 
difference equals the difference between the length of half the current day and half 
an equinoctial day or fifteen ghatikas (6 hours). This property is reflected in the 
other common modern name of w, “half-equation of daylight.” 

The standard ascensional differences for the first three zodiacal signs are known 
as their carakhandas, denoted @1, w2, w3. Since, as noted above, tan@ is just 
the local noon equinoctial shadow so divided by 12, each carakhanda can be 
approximated as the product of so with some scaled coefficient representing tan 6 for 
the end of that sign.’ Intermediate ascension values are generally computed by linear 
interpolation among the twelve symmetric values at the zodiacal sign boundaries. 


Time corrections. As explained above, at localities with zero terrestrial latitude 
the celestial equator is perpendicular to the horizon, whereas at northern or 
southern latitudes these two great circles intersect at an oblique angle. This 
inclination produces the ascensional differences or discrepancies between the 
zero-latitude right ascension @ and corresponding oblique ascension p, or local 
rising time, for a given arc of the ecliptic. The time interval between sunrise 


6The three standard values of a, generally presented in versified form, appear as early as the 
sixth-century Paficasiddhantika (4.23-25 and 29-31). The Khandakhddyaka’s twelfth-century 
commentator Amaraja derives them using the following rule equivalent to the above equation for 
sina (Misra 1925, pp. 91-93): 
: sin? A — sin? 6 
sing = ———____ 
cos 6 


7 Karanakutihala 2.18 and Grahalaghava 2.5 use coefficients of 10, 8 and 10/3, respectively, while 
Khandakhddyaka 3.1 adjusts the first two to 159/16 and 65/8. 
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and sunset on a given day at a given northern or southern locality corresponds 
approximately to the total oblique ascension of the half-circle of the ecliptic 
beginning with the sun’s current position. Consequently, this duration of daylight 
becomes longer or shorter than 12h (or thirty ghatis) by some amount depending 
on the time of year and the terrestrial latitude. 

Half of the difference between the current day-length and thirty ghatis is 
conventionally called the “half-equation of daylight” or w, approximately equal to 
the total ascensional difference of the 90° arc of the ecliptic that began rising at 
sunrise on that day. (These equalities are only approximate because the sun moves 
about 1° on the ecliptic over the course of a day.) 

The resulting change in the time of sunrise for a non-equinoctial day forms part 
of a set of required corrections which are frequently tabulated together.’ These 
corrections are necessitated by the fact that celestial phenomena are computed with 
reference to mean solar time at zero terrestrial latitude and longitude, while local 
time is typically based on true solar position as viewed from a place with nonzero 
latitude and longitude. They consist of the following components: 


desantara “‘place-difference,’ corresponding to the time-degrees between the 
zero-meridian of terrestrial longitude and the meridian of the given locality (see 
Section 4.4). 

udayantara “‘rising-difference,’ relating to the discrepancy between an arc of 
mean solar longitude on the ecliptic and its right ascension or actual time required 
for its rising. 

bhujantara  “ [positional] arc-difference,” or right ascension of the solar equation, 
i.e., the longitudinal difference between the mean sun and the true sun. 

cara “variable,” the half-equation of daylight or time difference between sunrise 
on the equator and sunrise at the latitude of the given locality. 


Each of these components generates a time interval during which the celestial bodies 
move from their computed positions. The amount of their motion must be calculated 
and applied to their computed positions to determine their actual positions at the true 
local time in question. 

The combination of the udaydantara and the bhujantara is sometimes called the 
dvisamskrti or “two corrections,” corresponding to the “equation of time” in western 
astronomy. The dvisamskrti combined with the cara is the traikya or “sum of three”; 
the addition of the desantara produces the catustayaikya or “sum of four” (Pingree 
1973, pp. 107, 111). 


8Examples of such combined tables of corrections are described in Section 4.6; others appear in, 
e.g., the Khetasiddhi, the Grahaprakasa of Devadatta, and the Makaranda (Pingree 1973, pp. 107, 
147-148, 173). 
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Fig. 2.8 The disk of the mid-eclipse 

moon in a lunar eclipse first contact 
moving west to east on its 
orbit (approximated by the 
dotted line parallel to the 
ecliptic) with approximately 
constant latitude f: at first 
contact with the earth’s 
shadow (right), and at the 
eclipse midpoint (left). The 
amount of obscuration at 
mid-eclipse is 

(din = dy)/2 am B. 


2.1.6 Eclipses 


The prediction and description of eclipses requires most of the previously discussed 
techniques for establishing true celestial longitudes and times, as well as the 
additional ones described below (refer to Figure 2.8). 


Lunar latitude. Ecliptic latitude 6 is the angular distance from the ecliptic to a 
given point on the celestial sphere, measured on the great circle passing through 
that point and the poles of the ecliptic. The moon’s position on its own orbit has 
a nonzero latitude everywhere except at the two points of intersection of the orbit 
and the ecliptic, i.e., the orbital nodes, called in jyotisa works Rahu and Ketu. The 
trigonometric derivation of lunar latitude 6 is analogous to that for solar declination, 
producing the following formula: 


sin 6B = sin Bmax - sin(AA) 


where Ad is the lunar-nodal elongation, i.e., the angular distance measured along 
the ecliptic from the moon’s longitude to the nearest node. The maximum latitude 
Bmax is the inclination of the lunar orbit to the ecliptic, commonly taken to be 4°; 30 
or 90 digits (arigulas).° 


Disk sizes and obscuration. The apparent sizes of the disks of the eclipsed and 
eclipsing bodies, determined by the sun’s and moon’s distances from the earth and 
consequently their apparent angular velocities vs and v,,, are important because 


°Latitude expressed in digits rather than degrees can be directly compared with apparent diameters 
to determine quantities such as the magnitude of an eclipse. There is not complete unanimity in 
the sources on digit/angle conversion ratios: one digit is equated to three arcminutes in, e.g., the 
Karanakutihala of Bhaskara (Mishra 1991, pp. 51-52), but other authors vary the amount from 
2.5’ on the horizon to 3.5’ on the meridian (Chatterjee 1981, vol. 2, pp. 127-128). 
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Fig. 2.9 Succession of mid-eclipse 

phases (right to left) in a lunar 

eclipse. end sta 3 first 
totality 


contact 


they determine the magnitude or obscuration extent of an eclipse. A desired disk 
diameter d can be computed trigonometrically from the known orbital parameters 
and sizes of the sun and moon, but is usually more simply approximated by a scale 
factor applied to the value of true velocity. The following examples of such scale 
factors are taken from Brahmasphutasiddhanta 4.6 (using the subscripts s, m, and 
u to denote sun, moon, and shadow, respectively): 


js llv, _ 10v», _ 8Um — 25vs 
96. ? es — 60 


The mean angular diameters given by all such formulas are approximately 32’ for 
the sun and moon and 81’ for the earth’s shadow. The amount of obscuration at mid- 
eclipse is computed by simple geometry (treating the disk diameters and latitude as 
line segments) as half the sum of the diameters of the eclipsing and eclipsed bodies, 
diminished by the lunar latitude. 


Durations. In the course of an eclipse (see Figure 2.9), the half-duration (sthi- 
tyardha, commonly abbreviated to sthiti) is the time elapsed from the moment of 
first contact between the disks of the eclipsed and eclipsing bodies to mid-eclipse, 
or from mid-eclipse to release. The half-duration of totality (marda) is the time 
elapsed from the moment of totality to mid-eclipse, or from mid-eclipse to the end 
of totality. Both of these quantities are likewise found from simple linear geometry 
models applied to the eclipse configuration. If rg and re denote the radii of the 
disks of the eclipsing and eclipsed bodies, respectively, and v,, and vs are again the 
true lunar and solar velocities, then the half-durations are computed as follows: 


V etro)! — Ve —Tor = 


sthiti = : marda = 
Um — Us Um — Us 


The valana. An important feature in traditional eclipse description is the angle of 
deflection related to the impact direction at the various eclipse phases. This angle, 
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Fig. 2.10 The celestial sphere and the local horizon, showing the ascendant point A, the 
nonagesimal V, and the sun S at the approximate conjunction point where the moon’s parallax 
must be calculated. The elongation Aar_= SV determines the amount of longitudinal parallax 
lambana, and the nonagesimal altitude VK (or some combination of declination 6 and latitude ¢ 
approximating it) affects the latitudinal parallax component nati. 


called valana “turning, deflection,” is divided into two components: the aksavalana, 
deflection due to local latitude, and the ayanavalana, deflection due to tropical solar 
longitude. The individual components are computed by some form of the following 
algorithms: 


sin(aksavalana) = sin(90° — ¢)- sing 
where ¢ is the zenith distance and ¢ is the terrestrial latitude, and 
sin(ayanavalana) = cos i - sin 24° 


where A is tropical solar longitude. The algebraic sum of the two components then 
becomes the total deflection. This angle is important for constructing diagrams 
(parilekha) of the predicted appearance of eclipses, something like Figure 2.9. 


Parallax. The calculation of solar eclipses requires the additional task of finding 
the moon’s parallax, which determines the eclipse’s local visibility. Lunar parallax 
is treated in many astronomical traditions as a function of the moon’s altitude: it 
becomes zero with the moon at the zenith and maximum when on the horizon. But 
in the Sanskrit literature it is typically separated into two individually (although 
not entirely independently) computed components, which are conventionally called 
longitudinal and latitudinal (see Figure 2.10). 

Longitudinal parallax (Jambana) is generally treated as a correction to the time 
of the eclipse rather than its celestial coordinates, so it is typically expressed in units 
of ghatis with a standard maximum of 4 ghatis, the time it takes the moon at mean 
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velocity to travel about 53’. The Jambana depends upon the ecliptic arc of elongation 
Ax between the sun and the nonagesimal, the point on the ecliptic 90° west of the 
ascendant. (Although it is the moon rather than the sun whose parallax is sought, 
the slower-moving sun is used to identify the celestial position where the eclipsing 
conjunction will take place. Rules for solar parallax too may be prescribed in eclipse 
procedures, but will have negligible effects on the result.) 

The lambana varies sinusoidally from zero to its 4-ghatt maximum as follows: 


lambana = 4 - sin(A) 


This quantity may be adjusted by a scale factor corresponding to the altitude of the 
nonagesimal itself. That is, when the ecliptic hangs low in the southern sky and the 
nonagesimal altitude is small, the amount of sun-nonagesimal elongation AA will 
not greatly affect the amount of parallax, whereas when the nonagesimal is at or 
near the zenith, changing AA changes the parallax considerably. 

The latitudinal parallax (nati), on the other hand, accounts directly for the effects 
of terrestrial latitude and declination on the altitude of the nonagesimal point and 
whether it falls south or north of the zenith. Sometimes the nonagesimal 6 and ¢ are 
just combined arithmetically in nati formulas, and sometimes the zenith distance of 
the nonagesimal, which combines them in a more trigonometrically exact way, is 
used instead. The nati is usually expressed in digits and applied as a correction to 
the lunar latitude 6.'° 

The computation of the position and time of an eclipse and their modification 
by parallax is typically prescribed as an iterated process. Table texts may include a 
brief summary of its steps, see, e.g., Montelle and Plofker (2013, pp. 43-48). 


2.1.7. The mahapdtas or luni-solar symmetries 


The ominous events sometimes called “parallel aspects” of the luminaries (pdtas 
or mahapatas) depend upon certain configurations of their tropical longitudes and 
declinations. In their simplest form, these events require the tropical longitudes of 
the moon and sun to add up to either 180° or 360°. This means that the bodies will 
be symmetrically placed equidistant from a solstice (with ecliptic declinations equal 
in magnitude and sign: vyatipata) or from an equinox (with ecliptic declinations of 
equal magnitude but opposite sign: vaidhrti), respectively, see Figure 2.11. 

In this form, the difference between a given time and the occurrence of the 
nearest mahdapdta is quite simple to compute: it is the difference between 180° or 
360° and the sum of the luminaries’ tropical longitudes, divided by the sum of their 


'°Computation techniques for the parallax components are discussed in, e.g., Rao and Uma (2007, 
$205-S213), Sastrt (1989, pp. 126-134, verses 5.1—-14), Montelle and Plofker (2013, pp. 39-45), 
and Misra et al. (2016, pp. 28-30). 
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Fig. 2.11 Configuration of the “mean” mahdpdatas where the luminaries’ ecliptic declinations have 
equal magnitude. Left: An occurrence of vaidhrti with the sun and moon symmetrically placed 
about the autumnal equinox, so that their tropical longitudes sum to 360°. Right: An occurrence 
of vyatipdta with the sun and moon located at equal distances from the summer solstice, with 
longitudes summing to 180°. 


velocities. This will be the time interval required for their combined motion to bring 
their combined longitudes up to that ominous round number. Then the predicted 
individual longitude of each body at the moment of pata is found by multiplying 
the time interval by its own velocity and adding the resulting increment to its own 
current longitude. 

The computation can be further simplified by employing the yoga time-unit, 
which represents a longitudinal increment of 13° 20’ in combined luni-solar motion 
(see Section 1.4.3). The tropical longitudes of sun and moon add up to zero at the 
beginning of the yoga-cycle, and add up to 180° or 360° at the desired vyatipata 
or vaidhrti respectively. Since a body’s tropical longitude is merely its sidereal 
longitude 4 plus degrees of accumulated precession x, the conditions at the pdtas 
can be described by 


180° =AQ+AG + 2x (vyatipata), 360° =A +AG +2x  (vaidhrti). 
The number n of yogas elapsed at this moment is computed for the case of vyatipdta 
as shown: 


_ A@+Aq _ 180° = 2x 


= = 13;30 — 0;9x. 
13°20’ 13°20’ 


The corresponding computation for vaidhrti gives n = 27 — 0;9x. In either case, 
when the fractional excess over integer yogas in n is converted to a time interval in 
ghatis, it is added to the time of the beginning of the current yoga to indicate the 
moment of mahdpdata. 

In most texts, the pdtas are restricted by the more complicated requirement of 
equality between the sun’s ecliptic declination and the moon’s “true” declination, 
generally approximated by the algebraic sum of its ecliptic declination and its 
latitude. As explained in Section 2.1.6, this nonzero latitude is produced by the 
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equator 


Fig. 2.12 Configuration of the “true” mahdpdtas where the luminaries’ true declinations have 
equal magnitude. Left: An occurrence of vaidhrti asymmetrically configured about the autumnal 
equinox with the ascending node {2 of the lunar orbit at the vernal equinox: the true declination of 
the moon on its orbit has equal magnitude with that of the sun on the ecliptic, but their longitudes do 
not add up to 360°. Right: A configuration with the ascending node at the summer solstice, where 
a “true” vaidhrti about the autumnal equinox is impossible no matter where in the surrounding two 
quadrants the moon is located. 


moon’s motion upon its own orbit inclined about 4°; 30 to the ecliptic, whose nodes 
revolve upon the ecliptic at a rate of about 18° per year. The luminaries’ positions at 
the pdta so defined will have a much less straightforward relationship to the sum of 
their longitudes, see the left-hand diagram in Figure 2.12 for an illustration of this. 

It appears that starting very early in the development of the mahap4ta concept, 
the difference between the time t; when the ecliptic declinations are of equal 
magnitude and the moment of true-declination equality t was determined by a regula 
falsi iterative computation. (The procedure outlined here is specified for vyatipdata, 
but is exactly analogous to its counterpart for vaidhrti.) 

Namely, after calculating the initial declinations 6;, and 5, of the sun and 
moon, respectively for time f;, the user determines from comparing their magnitudes 
whether the true-declination mahdapdGta is past or yet to occur. Depending on the 
answer, some arbitrary time interval Af is chosen before or after tf, respectively, 
and new positions of the sun and moon and their corresponding true declinations 6;, 
and 5, are calculated for time f2 = t; = Afj. Then the next approximation Af to 
the required time interval is given by the following ratio: 


Ato . (Sin a 5s) 


An = : 
(Sin = 559) <= (Sin, = 551) 


(The sign in the denominator is positive or negative depending on whether the maha- 
pata occurs within the assumed time interval Af» or outside it.) The procedure is 
repeated until At is fixed, identifying the moment of the true-declination mahapata. 
There are some circumstances, however, in which such an event is astronomically 
impossible. As illustrated in the right-hand diagram in Figure 2.12, if the nodes of 
the lunar orbit are placed so that throughout two successive quadrants the moon’s 
true declination is always greater in magnitude than the sun’s, the luminaries will 
never attain a mahapdta about the solstitial or equinoctial colure between them. 
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2.1.8 Trigonometry 


As briefly noted in Section 1.2.2, jyotisa treatises almost always include compact 
versified tables of trigonometric function values at the beginning of their chapters 
on computing true positions and velocities of the planets. The primary trigono- 
metric function is the sine scaled to some non-unity canonical radius (Radius or 
R), denoted here by Rsin and generally called jyad in Sanskrit. Trigonometric 
calculations also may involve the corresponding scaled cosine R cos, generally just 
treated as the Rsin of the complement, and versine R vers (utkramajya) defined 
for some angle 6 by R vers? = R — Rceos9@. Versified tables most frequently list 
values of R sin for 6 in the first quadrant or else the differences between successive 
R sin values, which are smaller and thus easier to encode verbally as well as being 
directly applicable to interpolation procedures. Occasionally a table of R vers or 
its differences (which are just the R sin differences in reverse order) will also be 
included. 

These tables employ various values of the trigonometric Radius and function step 
size depending on computational convenience. The most nearly “standard” Radius 
value is 3438, which approximately equals 21,600 (the number of arcminutes in the 
circumference) divided by zr, and thus equates linear measure and arclength in much 
the same way as modern radians. Likewise, it is more or less “standard” to divide 
the quadrant of the argument 6 into 24 multiples of 3°;45. The numerous exceptions 
to these conventions include the idiosyncratic laghu “light” or “simplified” R sin 
tables, especially popular in karana texts, which use only a few values of 0 and a 
smaller round number as Radius.!! 

The construction of R sin tables was based on geometry of triangles and rectan- 
gles, and in later works on an accumulated set of trigonometric identity formulas. 
Numerous approximation methods were also employed to compute tabulated values, 
to interpolate between them, or to avoid using them altogether. By the early seventh 
century Indian astronomers had already developed a highly accurate algebraic 
approximation to the Rsin, and approximate versions of many trigonometric 


‘The first securely dated surviving Sanskrit trigonometric table, a list of 24 R sin-differences with 
R = 3438, appears in the Aryabhattya circa 500 CE (Shukla 1976, p. 41, daSagitika, verse 12). 
However, an R sin table in the sixth-century Paficasiddhantiké with R = 120 likely originated in an 
earlier Sanskrit work, and may even have been ultimately inspired by a Greek table of chords with 
R = 60 (Neugebauer and Pingree 1970-1971, part Il, pp. 52-55, verses 4.6-12). The Brahma- 
sphutasiddhdanta of 628 tabulates both R sin and R vers values scaled to R = 3270, a number 
chosen for reasons still not clearly understood (Dvivedi 1901-1902, pp. 23-24, verses 2.2—9); 
the same author’s karana text Khandakhddyaka employs a laghu R sin table with R = 150 and 
step size 15° (Chatterjee 1970, vol. 1, p. 59, verse 3.6). The twelfth-century Siddhdantasiromani 
of Bhaskara II contains “standard” tables of R sin and R vers with R = 3438 as well as a laghu 
table of R sin-differences, repeated in Bhaskara’s handbook Karanakutihala, using R = 120 and 
step size 10° (Sastri 1989, pp. 39-41, verses 2.2-9; Mishra 1991, p. 21, verses 2.6—-7). Perhaps 
the most extreme example of a /aghu table is the set of three R sines corresponding to the angles 
30°, 60° and 90° in the tenth-century Laghumdnasa of Majfijula/Mufijala, with some prescribed 
interpolation modifications to increase the accuracy of intervening values (Shukla 1990, p. 65, 
verse 3.2). 
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rules for specific astronomical quantities accumulated over subsequent centuries in 
astronomers’ computational toolkit. The 904 treatise of VateSvara emphasizes the 
desirability of being able to solve various astronomical trigonometry problems with 
or without tabulated function values (Shukla 1986, vol. II, pp. 272-273, verses 2.3- 
4,10). GaneSa’s boast some six centuries later (quoted in Section 5.6.1), about his 
having entirely eliminated the arc and sine in favor of non-trigonometric formulas 
in his handbook Grahalaghava, indicates how burdensome many jyotists considered 
these trig-table calculations to be.!* 

This multi-pronged approach to trigonometric problems may partly explain why 
Sanskrit table texts, unlike those in Greek and Islamic astronomy, typically do not 
contain tables of basic trigonometric functions. The Indian works tabulate instead 
more complicated specialized functions for particular astronomical quantities, 
in which the necessary trigonometry or equivalent approximations are already 
incorporated. However, there do exist a handful of trigonometric tables in the table- 
text corpus, primarily in works with explicit dependence on Islamic sources. Their 
values are usually more numerous (generally stated for every 1° of argument) and 
more precise than those in the traditional verbal R sin or R vers tables which have 
to be composed in metrical verse by the author and then, ideally, memorized by the 
learner. See the discussion and examples in Section 4.12. 

Most such numeric-array trigonometric tables contain values of R sin, occasion- 
ally of R vers. The tangent is not treated as a basic trigonometric function in classical 
Indian jyotisa, although the so-called shadow relation (chaya; see Section 2.1.5), in 
the form of the noon equinoctial shadow equivalent to the tangent of the terrestrial 
latitude, is sometimes tabulated in geographical lists.!* 


2.2 Approximation of numerical values in table entries 


Once a table-text author has chosen some algorithm to generate a table of some 
astronomical quantity, there remains the issue of how to select, denote, and use the 


'2Geometric construction of R sin values is discussed in detail in Bhaskara I’s seventh-century 
commentary on the Aryabhattya (Shukla 1976, pp. 77-85). Recursive procedures for producing 
them without geometry are also known (though not always clearly stated) (Plofker 2009, pp. 79-80, 
128; Hayashi 1997a). For the widespread algebraic R sin approximation also ascribed to Bhaskara I 
and for various higher-order interpolation rules, see Plofker (2009, pp. 80-84), Hayashi (1991), and 
Gupta (1969). The use of second-order interpolation in finding R sin values is illustrated in, e.g., 
Shukla (1986, vol. 2, pp. 170-172, verse 2.1.63). Some complicated approximations tailored to a 
specific astronomical quantity in the work of Bhaskara II are discussed in Plofker (2016). 


'3The Indian “shadow” in fact appears to have been the inspiration for, and to have lent its 
name to, the generalized tangent function in Islamic trigonometry; see Chalhoub and Rosenfeld 
(1997). Such general functions for tangent and cotangent (under the names “shadow” and “reversed 
shadow,” derived respectively from the computations for a horizontal and a vertical gnomon) are 
occasionally found in Sanskrit trigonometric tables influenced by Islamic sources; see, e.g., Pingree 
(2003, p. 102). 
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particular values that will appear in the table. These questions generally involve 
techniques for interpolating between values of a nonlinear function or the precision 
with which the values are recorded. 


2.2.1 Interpolation procedures 


Authors of both versified and numeric-array tables often accompany them by 
instructions for linearly interpolating between their entries. Technical terms for the 
elements in the interpolation formula include gata, bhukta “past, previous” for the 
table entry preceding the desired value, and esya, gamya, bhogya “future, next” for 
the entry following it. The standard linear interpolation procedure is equivalent to 
the following relation, given two successive tabulated argument values Apjykig and 
Apnogya and a desired argument A falling between them: 


bhogya — bhukta 


desired amount = bhukta 4 


E (A — Abhukia) 
Abhogya — Abhukta 


The following diverse examples from both handbooks and table texts illustrate how 
such instructions are typically presented. !+ 


Khandakhadyaka of Brahmagupta. In a table of R sin-differences for 15° inter- 
vals of arc with trigonometric radius R = 150 (Misra 1925, p. 98, verse 3.7): 
trimSatsanavarasendujinatithivisaya grhardhacapanam 
ardhajyakhandani jya bhuktaikyam sabhogyaphalam || 7 || 
Thirty increased by nine, six, [and] one [respectively], twenty-four, fifteen, five are the 
R sin-differences of half-sign (i.e., 15°) arcs [namely, 39, 36, 31, 24, 15, 5]. The sum of the 


past (bhukta) R sin[-differences] plus the proportional part (phala) of the next (bhogya) [is 
the desired] R sin. 


Tabulating the successive differences of the function values instead of the values 
themselves not only reduces the length of the number-words spelled out in the verse, 
but also saves the user the trouble of performing the subtraction of the bhukta from 
the bhogya. 


Brahmatulyasarani. In a table of orbital equations with successive degrees of 
anomaly (kendra) as the argument (Montelle and Plofker 2015, pp. 10-11, verse 4): 


kendrasya doramSamiti§ ca koste 
bhuktam tadagram parabhogyakam ca || 
kaladikam tadvivarahatam tu 
sastyuddhrtam bhuktakamdnakena || 4 || 


'4 Although the higher-order interpolation rules mentioned in footnote 12 are well attested in jyotisa 
treatises, we have never seen a nonlinear interpolation method prescribed in the instructions for 
using a table text. 
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And the amount of degrees of the [given] arc of anomaly [is] the bhukta in the table cell 
before that [arc], and the bhogya [is] next. The [fractional part of the given anomaly in] 
minutes etc. is multiplied by their difference, divided by sixty, [and then increased] by the 
amount of the bhukta. 


This formulation, taking A — Appjykrg aS just the fractional degrees of the given 
argument A, is specific to tables with argument given for successive integer degrees. 


Candrarki of Dinakara. In a table of lunar equations and accompanying dif- 
ferences between successive table entries, with argument successive degrees of 
anomaly. This rule takes into account the possibility that the sequence of tabulated 
values may be decreasing instead of increasing (Kolachana et al. 2018, p. 334, 
verse 16): 


kendrarasyamSamdnena phalam grahyam ca sadntaram || 
antaraghnam kaladyam ca sastyaptena yutonitam || 16 || 


The equation [whose argument is commensurate] with the amount of signs and degrees 
of the [given] anomaly is to be selected [from the table] along with [its] difference. The 
[fraction of the given anomaly in] minutes etc., multiplied by the difference and divided by 
60, is added to or subtracted from [the bhukta-value as the successive entries are increasing 
or decreasing, respectively]. 


Rajamrganka of Bhojaraja. A general interpolation rule is given for tables with 
entries for every 2° of argument rather than for every successive degree (Pingree 
1987b, p. 8, verses 2.29—30ab): 


bhuktasuddhamsSakosthas tu tadgataisyantarahatam|| 
kaladyam vikalpam bhaktam dvighnasastya phalanvitam || 29 || 
gatakosthaphalam bhogye vrddhe hine tadiinitam || 


The [given] table-cell [argument has] the degrees of the bhukta [argument] subtracted. 
[This] difference in arcminutes etc. is multiplied by the difference of [the table entries for 
the arguments] preceding and following that, [and] divided by twice sixty. The previous 
table entry is increased by the result when the following [table entry] is greater [than itself], 
decreased by it when less. 


This applies to tables of solar declination, planetary hypotenuse, and sighra- 
equation all tabulated in the Rajamrganka with 2° argument intervals. 

Linear interpolation was employed not only by table users to obtain intermediate 
results within tables, but also sometimes by their compilers for convenience in 
generating some of the table entries. Figure 2.13 illustrates this practice in a table 
for Mars’s manda-equation with argument 1—90° of anomaly from a version of 
the GrahalaghavasGrini (see Section 5.6.2). The table entries at every integer 15° 
of argument are taken from the trigonometrically correct values of this nonlinear 
function given in the Grahalaghava of Ganesa (Josi 1994, p. 79, verses 3.7-8). 
But the entries in between these six key values have been produced by linear 
interpolation, with constant differences between the successive entries in each 15° 
block.!° 


'SOther instances seen in our sample tables of using linear interpolation to generate nonlinear 
function values include the orbital equations in Figures 4.9, 4.15, and 5.6, the oblique ascensions 
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Fig. 2.13 Excerpt from a manuscript of the Grahalaghavasarini (Plofker 24 ff. 241-25r) showing 
part of the table of the nonlinear manda-equation function for Mars, with most of the entries 
computed by linear interpolation. 


2.2.2 Precision of data values 


The precision of numerical values in versified tables composed as part of Sanskrit 
verse texts is obviously fixed by the author’s choice of meter and words. When 
it comes to compiling or copying numeric-array written tables, on the other hand, 
much more variability is possible. The issue of precision in computing and recording 
results is not generally discussed in detail in siddhantas and karanas, although a 


in Figures 4.23 and 4.27, the rising-difference corrections in Figure 4.28, the declinations and lunar 
latitudes in Figures 4.34 and 4.47, and the valana in Figures 4.40, 4.41, and 4.42. 
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basic understanding of the concept is clearly marked by the contrast of terms such 
as sthila “rough” for an imprecise value with, e.g., séksma “fine, exact” for a precise 
one.!° 

An example of computation techniques directly concerned with precision is seen 
in the solar daily mean longitude increment formulas of Bhaskara II’s Karanakuti- 
hala. The first is stated in the following verse (Mishra 1991, p. 5, verse 1.7ab): 

ahargano visvagunas trikhankair 

bhaktah phalono dyugano lavadyah 


The accumulated civil days are multiplied by 13 and divided by 903. [Then] the accumu- 
lated civil days decreased by [that] result produces the [solar mean daily motion] in degrees 
and so on. 


In other words, if the accumulated days or ahargana is represented by a, the rule is 
equivalent to 
13-a 890 890 


= —— h = e 1 21 — 
coe. og agg 


There is no specification of the precision to be used when converting that ratio into a 
sexagesimal fraction approximation in “degrees and so on,” but several verses later 
the same parameter is stated more directly with precision to arcseconds, as follows 
(Mishra 1991, p. 11, verse 1.13a): 


nandaksa bhujaga raveh ... 


[The mean daily velocity] of the sun is 59;8 [minutes]... 


For planets besides the sun, the Karanakutihala gives some additional correction 
terms in units of arcseconds, which conforms to the common practice of treating 
arcseconds as a useful precision limit.!7 

The Karanakutihala’s treatment of mean longitude increments has been vari- 
ously interpreted by the compilers of table texts derived from it (see Section 5.3.1). 
Figure 2.14 shows mean longitude increment values of the sun as presented in a 
version of the Laghukhecarasiddhi. The daily value of the increment in the fifth 
column is precise to arcseconds (0°0°;59,8). But reconstructing the computation 
indicates that the number actually used to produce these values must have been 
0°0°;59,8,10,22, presumably derived from the first Karanakutihala rule rounded 
at the fourth sexagesimal place. 


'6Note that such terminology can also indicate a distinction between different levels of accuracy 
rather than precision. Examples of the terms sthila and siiksma used to differentiate between 
approximate and geometrically exact formulas are seen in, e.g., the Brahmasphutasiddhanta 
(Dvivedi 1901-1902, p. 189, verse 12.21) and the Lilavart (Apate 1937, pp. 197, 203, verses 199, 
203). 

'7See Plofker (Forthcoming). Ganega in the Tithicintémani follows a similar practice of breaking 
out such corrections into separately (and perhaps optionally) applied components, in which the 
smaller correction term fine-tunes the result of the larger (Ikeyama and Plofker 2001). This 
“modularization” of successively finer adjustments to a computed result in Sanskrit astronomy 
deserves further study. 
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Fig. 2.14 Mean longitudinal 
displacement tables from the 
Laghukhecarasiddhi (IO 
2408b f. Sv, Sun). 


Fig. 2.15 Excerpts from the solar mean daily longitude increment table in manuscripts of the 
Brahmatulyasarani. Left: Argument 0-8 days (Smith Indic 45 f. 2r). Right: Argument 1-10 days 
(Smith Indic MB LVIII f. 1). 


Fig. 2.16 Sighra-equation table from the Laghukhecarasiddhi (10 2930 f. 7v, Jupiter) with an 
apparent precision to arcthirds that is actually spurious since the final digits are all zero. 


Figure 2.15 shows two versions of the solar mean longitude increment table from 
different manuscripts of the Brahmatulyasarani, differing slightly in their precision. 
Reconstruction of the tabulated values shows that the scribe of the first version, 
rounding to thirds of arc, appears to have used a number very close to 0°;59,8, 10,8 
while the scribe of the second version has used 0°;59,8,10 and has rounded to the 
second sexagesimal place. 

Not every sexagesimal digit appearing in a table can always be taken for a 
reliable measure of computational precision, however. For instance, Figure 2.16 
shows a table of the sighra-equation of Jupiter from the Laghukhecarasiddhi, 
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Fig. 2.17 Table of nodal-solar elongation per avadhi from a manuscript of the Karanakesari 
(Smith Indic MB XIV f. 4r). The entries in the bottom row approximately equal 1/14 of the 
differences between successive entries in the middle row, and use danda-quarters to denote their 
fractional part in quarter-units. 


superficially precise to arcthirds but with all digits in the thirds place recorded 
(mostly inaccurately) as zero. (See Section 5.3.3 as well as Figure 5.9, which 
contains the sighra-equations of Venus and Saturn for the same phenomenon.) 
Perhaps the scribe only intended values precise to two sexagesimal places and 
simply added a row of zeros for completeness. 


The ‘danda-quarters’. The table reproduced in Figure 2.17 illustrates the scribal 
convention of strokes we have called “danda-quarters” used as a non-sexagesimal 
notation for one-fourths of a unit. (Another version of the same table from a 
different manuscript of the text is shown in Figure 3.5, and many other examples 
of this notation are enumerated in Section 3.2.1.) This simple “tally-style” notation 
represents each quarter-unit from 0 to 3 by a single vertical stroke: consequently 
the numbers in the bottom row of the table are to be read with their sign-change 
symbols (see Section 3.2.1) as 1;30 X, 2, 2, 1, 0;30, 0;30 x, 1 dha, 1, 1, 2. (This 
reading is also consistent with the apparent generation of the numbers by dividing 
by 14 the successive differences between the entries in the second row.) 

The danda-quarters thus constitute a compromise between precision and con- 
venience, enabling the scribe or compiler to avoid writing out the digits of ndgari 
sixtieths in a taller column while still not throwing away too much information 
about the table entry value.'® This compromise is clearly on view in Figure 2.18 
which compares the same table from two different manuscripts of the Makaranda, 
one using danda-quarters in the entries in the second and fourth row and the 


'8The origin and history of this simple notation using vertical strokes to represent multiples of one- 
quarter-unit appear to be somewhat obscure. There is an obvious resemblance to the now-standard 
practice of writing a single danda after a quarter-verse and a double danda after a half-verse, but 
we have not successfully traced the development of that practice from the more irregular use of 
danda-marks occurring in early inscriptions (Bihler 1904, pp. 88-90). At present, the paleographic 
study of Sanskrit manuscripts concerning prosody, metrology, and possibly music is our best guess 
for pursuing the history of this notation. 
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Fig. 2.18 Tithi-weekday/time tables for the beginning of each paksa from two manuscripts of the 
Makaranda. Top: Rows 2 and 4 using danda-quarters (Baroda 3225 f. 2r). Bottom: Rows 2 and 4 
without the use of danda-quarters (BORI 546 f. 2v). 


other instead writing out the digits of the corresponding sexagesimal place. This 
difference strongly suggests that danda-quarters were employed at the discretion of 
the scribe, who of course in many cases was also the user. 


2.3 Classification schemata for table texts 


After broadly surveying in the previous section the primary content of Sanskrit 
astronomical tables presented in numeric-array format, we now attempt to clar- 
ify their taxonomy. Three table-text classification systems were suggested and 
employed by David Pingree: in Pingree (1970) he categorized such works by their 
parameter sets or paksas and also by their structural “arrangements” (discussed in 
Section 2.3.2); in Pingree (1981) he also drew distinctions between the “classes” 
of planetary tables, tables for computing tithis, naksatras and yogas, and tables for 
computing eclipses. Since the purposes and forms of these works are so diverse, and 
in many cases still so poorly understood, none of these basic classification schemes 
so far proposed for the genre is entirely successful in categorizing all the texts. 
Nonetheless, we will describe and to varying extents rely on all of them for making 
sense of this vast genre of technical literature. 
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Table Aa The maior named astransmicah table dents HEBREMS MEATUS STASIS ERE: 


Ardharatrikapaksa | (no surviving complete table texts known) 


Brahmapaksa Mahddevi of Mahadeva (1316, Maharastra?); various works of Dinakara 
(ca. 1580, Bareja, Gujarat); Jagadbhiisana of Haridatta (1638, Mewar, 
Rajasthan) 

Saurapaksa Makaranda of Makaranda (1478, Kasi); Ramavinoda of Rama (1590, 
Delhi) 

GaneSapaksa Various works of GaneSa (ca. 1525-1550, Nandigrama, Gujarat); 


GrahalaghavasGrini (various versions, based on Ganega’s Grahalaghava) 


2.3.1 Classification by table type or paksa 


Since table texts are generally compiled based on the algorithms prescribed in some 
book belonging to one of the major parameter schools or paksas, it is not surprising 
that they tend to exhibit the same sort of paksa affiliation, see Table 2.3 for a list 
of some prominent exponents of the various paksas in this genre, and Appendix A 
for the paksa identifications of all such works known to us. Caution is warranted, 
however, since some compilers did not adhere exclusively to any one school. They 
might combine in their works algorithms taken from books adhering to different 
paksas, or even supply multiple tables of the same astronomical function computed 
for different paksas. Moreover, there is at least one table text known under the same 
name in two different recensions conforming to two different paksas.'° 

The distinction between what we here term “calendric tables” (for computing 
paficdnga elements such as ftithis, naksatras and yogas) and “planetary tables” is 
also a broadly useful though not consistently reliable one. Although several table 
texts do contain both calendric and planetary tables, there are enough such works 
specializing in either one or the other type to indicate that many jyotisis found it 
convenient to deal with calendar production and planetary forecasting in separate 
“volumes.” The same table-text author might compose two separate works with 
different titles to treat these two topics (see the Candrarki and Khetakasiddhi, 
respectively, of Dinakara in Appendix A). 

The category of “eclipse tables” is also validated by the eclipse-specific content 
of several known table texts, as discussed in Section 4.8. But the list of specialized 
subjects does not end there. For example, there is at least one existing set of tables 
devoted exclusively to computing the mahapdtas (Section 4.11). Individual labelled 
tables of geographical data, of ascensions, and related functions crop up as separate 
items in many manuscript collections, inviting the question of what criteria might 
consistently distinguish a particular “table” from a “table text.’ The designation 


'9Namely, the Candrarkt of Acalajit appears in both Brahmapaksa and Saurapaksa versions. 
Illustrating the other practices mentioned here are, e.g., the Sighrasiddhi of Laksmidhara which 
includes both Aryapaksa and Brahmapaksa versions of certain tables, and the Karanakesart 
(Montelle and Plofker 2013) which combines algorithms from works in different paksas. See 
Appendix A for details on all these works. 
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patralpattra “leaf, page” in the name of such an item might be taken to indicate 
a special textual category of individual tables; but then there are several works 
consisting of deliberately compiled and arranged sets of tables that also use pattra 
in their titles. 

Also of interest is the distinct dearth of specialized astronomical tables for 
computing many additional phenomena (elevation of lunar cusps, planet-star con- 
junctions, etc.) that are explained in most treatises and handbooks, but which we 
have not seen represented in table texts. The flourishing growth of the sdrini/ko- 
sthaka genre seems to have been limited to the subset of astronomical topics that 
were both frequently required and fairly straightforward to compute. But we should 
not forget, even though they are only touched upon in this study, the prodigious 
variety of types of specifically astrological tables which make up such a large part 
of the total jyotisa corpus. 


2.3.2 Classification by computational structure 


Pingree distinguished three basic “arrangements” used by jyotisis in constructing 
planetary tables, calling these “mean linear’ ‘ (for which we prefer the more descrip- 
tive “mean with equation”), “true linear” (or “mean to true” in our discussions), and 
“cyclic.” The following overview explains their main characteristics. 


Mean with equation. This template, described by Pingree as “mean linear,” 
somewhat resembles the standard structure of the astronomical tables of Ptolemy 
and his successors in the Greco-Islamic tradition. It combines tables of increments 
in mean longitude, produced by a planet’s mean motion over time periods of varying 
length, with tables of equations or corrections for adjusting a given mean longitude 
to the appropriate true longitude. 

In the mean-with-equation scheme, all computations begin from the planet’s 
specified epoch mean longitude, i.e., its mean position at the date and time 
designated as the epoch or starting-point for that set of tables. A mean longitude 
for a desired date is obtained by adding to the planet’s epoch mean position all the 
mean longitude increments accumulated in the intervening time. Entering a table 
of equation with the longitudinal anomaly corresponding to that mean longitude, 
the user looks up the appropriate equation value and corrects the mean longitude 
with it. For planets that have more than one orbital inequality, Ptolemaic-type 
Greek and Islamic astronomical tables yield two equation components applied 
simultaneously; in the Indian tradition, the eccentric anomaly (Sanskrit manda) and 
the synodic anomaly (sighra) produce separate corrections that are tabulated and 
applied sequentially. 


Mean to true. Pingree denoted this type of table “true linear.’ Like the preceding 
mean-with-equation, this structure also relies on tables of the increments to a 
planet’s mean longitude produced by its mean motion over various time intervals. 
But it also tabulates pre-computed values of true longitude and velocity produced 
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by specified combinations of mean longitudes of the planet and the sun. Since the 
eccentric or manda anomaly depends only on the planet’s mean longitude and the 
longitude of the orbital apogee which is considered fixed, and the synodic or sighra 
anomaly depends only on the relative positions of the mean planet and mean sun, 
these data are all that is required to find the true longitude. Thus once the desired 
mean longitude is known, the user can just look up the corresponding true longitude 
instead of calculating it by applying equations. 

The mean-to-true template appears to be an Indian innovation, but the actual 
operation of Indian mean-to-true tables is somewhat more involved than the above 
brief description suggests. For one thing, the mean longitude increments are 
recorded not in standard degrees of arc but in coarser arc-units consisting of some 
number n of degrees which may or may not be an integer: these n-degree arc- 
units (denoted “n° arc-units”’), like regular degrees, are divided sexagesimally. Each 
planet has one true longitude table for each successive n° arc-unit of its mean 
longitude, or 360/n such tables per planet. And each true longitude table has for 
its argument the naksatra or 13°;20 arc of the ecliptic occupied by the mean sun, 
running from | to 27 (since 27 - 13;20 = 360). However, these argument values 
are generally interpreted not as longitudinal arcs but as corresponding time-periods 
known as avadhis: one avadhi is the time required for the mean sun to traverse 
one 13°;20 naksatra in longitude, or a little less than 14 days, i1.e., 1/27 of a year. 
The table entries contain the planet’s true longitude and velocity at the start of each 
avadhi. 

To illustrate the process, let us suppose that a user wants to find the true longitude 
of a given planet at a time equal to some fractional avadhi a after the lapse of A 
integer avadhis in a particular year. The user determines from the mean longitude 
increment tables that at the beginning of this year the mean planet has traversed P 
integer arc-units plus some fractional arc-unit p. Consequently, the planet’s Pth and 
(P + 1)th true longitude tables must be consulted. The user first interpolates with the 
fraction p between the true longitude entries for avadhi A in tables P and P + 1, 
and similarly between the entries for avadhi A + | in the same two tables. Then 
interpolating with the fraction a between the two intertabular values thus found for 
avadhi A and avadhi A + | gives the desired true longitude at the given time. 

One final caveat on mean-to-true tables: Since true longitude increments and 
velocities, unlike mean ones, occasionally change sign due to retrogradation, 
straightforward linear interpolation between table entries for successive avadhis will 
not always produce the correct value. Therefore the true longitude table entries are 
marked in their margins with the times and locations of any synodic phenomena (i.e., 
start and end of retrogradation, heliacal rising and setting) that will occur during that 
avadhi, so the user can adjust the interpolation accordingly. 


Cyclic. This is a variant of the mean-to-true template which adjusts the chronolog- 
ical extent of the tables for each planet to cover one full true-longitude “cycle” 
or period for that planet. The “cyclic” structure likewise employs tables of a 
planet’s true longitudes and velocities as the mean sun progresses from avadhi 1 
to avadhi 27. But the number of such true longitude tables for each planet is not 
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some common constant 360/n, but rather a number specific to that planet, equal to 
the number of integer years over which the planet returns to nearly the same true 
longitude at the start of the year, i.e., the length of its true-longitude “cycle.” 

Thus, in a sense, these cyclic tables are perpetual. This arrangement is similar 
to those underlying the Babylonian “Goal-Year’” periods and Ptolemy’s cyclic 
schemes, and may perhaps have been directly inspired by works composed accord- 
ing to this arrangement that were circulating in the second millennium, such as that 
by al-Zarqali (Montelle 2014). 

The cyclic table-text arrangement did not appear on the scene until the mid- 
seventeenth century. Despite their single-lookup feature and their perpetual scope, 
such table texts seem never to have been as popular as their counterparts in the 
mean-with-equation and mean-to-true categories. 


Chapter 3 Mm) 
Table-text manuscripts em 


Hitherto we have discussed the content and structure of Sanskrit astronomical 
tables abstracted from their physical embodiment in manuscripts. In this chapter 
we consider the manuscripts themselves: their overall position within the corpus of 
Sanskrit jyotisa and the scribal conventions that characterize them. 


3.1 Table texts in Sanskrit scientific manuscript collections 


Compared to other forms of Sanskrit scientific texts in which authorial voice and 
expository form are more strongly marked, table texts can be difficult to distinguish 
and identify. Their modular structure as a compilation of multiple separate tables 
means that they can be expanded, truncated, recompiled, or otherwise modified for 
different users’ convenience. Their individual differences are often masked by their 
superficially similar (and very dry) presentation as sequences of numerical grids, 
generally without much accompanying explanatory text. It is not surprising that 
early Western catalogues of Sanskrit scientific manuscripts, even some compiled by 
highly learned Indologists, identified many such works merely as “tables” with no 
attempt to analyze their contents in detail.! 


'Examples include MS 984 in Aufrecht’s Leipzig catalogue, a 55-folio item listed simply 
as Sdrani with the description “tabellarische Berechnungen zum Behuf der Anfertigung von 
Kalendern” (Aufrecht 1901, p. 304); several items in Eggeling’s India Office Library catalogue 
(e.g., MSS 2049c, 1051f (Eggeling 1896, pp. 1053-1054)); and the items described in H. Pole- 
man’s North American Census (Poleman 1938, p. 246) as “[a] collection of several hundred 
miscellaneous folios, mostly tables not important enough and not bearing sufficient information 
to identify at all” (an assessment contradicted by various interesting discoveries within this bundle, 
a number of which are sampled in Chapter 4). 
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Table-text manuscripts 


Table 3.1 Topics in Topic CU G WwW CSS 
non-astrological) jyotisa as ; 
aeaah in i Sanskrit bio : 
manuscript holdings of siddhanta 8 5 7 24 
Columbia University (CU); karana 15 10 39 25 
the India Office Library’s kosthaka 150 15 48 28 
Gaekwad Collection (G); the paficanga 3 19 
Wellcome Library (W); and ealipees 4 
the Bodleian Library’s 
Chandra Shum Shere Star charts 
Collection (CSS). Geography 
Instrumentation 6 2. 5 8 
Miscellaneous 4 
Encyclopedias 1 9 
Translations 
Lexica 2 


In the present state of our knowledge, around 50-60 distinct Sanskrit table texts 
can be identified (see Appendix A).? The ones whose location of composition can 
be (even tentatively) identified are predominantly from the north and northwestern 
parts of India. Although the full corpus of such works has not been definitively 
quantified even to within an order of magnitude, the available evidence suggests 
that it is very extensive. The total number of Indic manuscripts in the broadest 
sense, both within and outside India, was estimated by David Pingree at (very 
approximately) 30 million (Pingree 1988, p. 638; Wujastyk 2014, p. 160). More 
conservative estimates for manuscript holdings in India itself have been placed 
around five million as of 2007 (Goswamy 2007, p. 17) and seven million as of 
2014; a recent and by no means exhaustive documentation project has recorded at 
least two million items (Wujastyk 2014, p. 160). In the entire universe of surviving 
Sanskrit manuscripts Pingree put the probable number of surviving jyotisa works of 
all types, including astrological genres, at around 10,000, and the number of extant 
manuscripts containing them at perhaps 100,000 (Pingree 1978b, p. 364). 

A rough assessment of the prevalence of kosthakas among jyotisa works can be 
obtained from comparing the numbers of manuscripts treating kosthaka relative to 
those addressing other astronomical topics in Sanskrit manuscript collections. A 
sampling of such comparisons is displayed in Table 3.1. (Note that the topics listed 
therein are restricted to those including aspects of technical astronomy or ganita 
rather than purely astrological ones.) 

These preliminary tallies suggest that a conservative estimate for the percentage 
of table texts among all non-astrological jyotisa material may be anywhere from 
one-quarter to one-half. If these figures are accurate, then the manuscripts devoted 
to kosthaka/sarani works number at least in the thousands if not tens of thousands. 


>This list neglects works labelled “Anonymous” or otherwise lacking indication of their title or 
author, which cannot be reliably assigned as variants of a named table text. 
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This section attempts to probe the data further for additional details about the 
representation and distribution of the table-text genre in diverse collections of 
manuscripts. 


3.1.1 General surveys in SATIUS and SATE 


Systematic efforts to analyze the corpus of Sanskrit numerical tables commenced 
with David Pingree’s surveys of collections at Columbia University, Harvard 
University, and the University of Pennsylvania. Struck by the sheer magnitude of the 
tables corpus, Pingree undertook to provide a guide for scholars engaged in similar 
cataloguing efforts so that they would be better equipped identify the table texts they 
encountered. The resulting catalogue including table descriptions and preliminary 
analyses was published in 1968 as Sanskrit Astronomical Tables in the United 
States (SATIUS) (Pingree 1968). SATIUS updates and expands the relevant material 
from Poleman’s Census (Poleman 1938) of North American Sanskrit manuscripts, 
retaining Poleman’s numbering. The Columbia collections’ jyotisa holdings that 
yielded the astronomical tables analyzed by Pingree comprise 194 individual 
manuscripts, of which 66 are known to contain table texts and 5 paficdngas, 
as well as the so-called Miscellaneous Bundle of 105 complete or fragmentary 
table texts in the Smith Indic collection (all apparently from Gujarat, Rajasthan, 
and possibly Uttar Pradesh). The 217 jyotisa manuscripts at the University of 
Pennsylvania, among which Pingree identified at least 18 items relating to tables, 
likewise originated in western, northern, and central India, as did the Harvard 
manuscripts used in SATIUS. 

Following an introductory overview, SATIUS divides its survey into two parts: a 
traditional catalogue of the manuscripts of table-text items including title, author, 
scribe, date, and folio-by-folio content for each item, and a technical analysis of 
each table-text represented, accompanied by background information about the 
author (where available), important dates relating to the work, and a list of its 
known manuscripts worldwide. This corpus contains 34 table texts, 19 of which 
are identified by title; various similarities between the remaining unidentified texts 
and known works are noted. SATIUS closes with an index of significant numerical 
parameters from the astronomical systems used in the tables. 

Soon after the appearance of SATIUS, the results of similar cataloguing efforts 
in repositories in the UK were published in Pingree’s 1973 Sanskrit Astronomical 
Tables in England (SATE) (Pingree 1973), drawing on various Sanskrit manuscript 
collections in the British Museum, Oxford and Cambridge Universities, the India 
Office Library (now incorporated into the British Library), the Bodleian Library, 
and the Royal Asiatic Society. They include manuscripts from Bengal, Benares, 
Kashmir, and south India in addition to many sources from western India. The 
structure of SATE and many of the 34 table texts that it describes (including 
its only anonymous work, Anonymous of 1638) are familiar from SATIUS. The 
chronological range of these works extends from Asadhara’s Grahajfiana (1132 CE) 
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to the Pattraprakasa of Visramasukla (1777 CE). The majority of the manuscripts 
were copied in the seventeenth, eighteenth, and nineteenth centuries. 

More than four decades later, SATTUS and SATE remain the only two manuscript 
catalogues dedicated exclusively to astronomical numerical tables in Sanskrit 
sources. Their descriptions of manuscripts, identifications of (some of) the authors 
who composed the texts and the scribes who copied them, information about 
dates and geographical locations, and technical analyses supply crucial informa- 
tion concerning the practice, methodologies, and evolution of South Asian astral 
sciences. Table 3.2 lists 39 such works described in SATE and/or SATIUS, along 
with the combined numbers of their North American and UK manuscripts recorded 
in those surveys. Two separate columns list the numbers of their manuscripts in two 
individual collections discussed below. (Note that this list is not exhaustive: there are 
a dozen or so other items included in Pingree’s lists that are sufficiently fragmentary 
or derivative to suggest that they may represent recensions of other known works 
or standalone reference tables not incorporated into a full kosthaka text. Where 
possible, we have assigned these items and their recorded manuscripts as part of 
the textual tradition of the known work that they seem to belong to, as in the case of 
the work “Anonymous of 1520,” which we list with the Grahalaghavasarini. Where 
we have not felt confident in making such an assignment, we have simply omitted 
the fragments from this table.) 

In addition to these specialized surveys, a number of more general manuscript 
catalogues and other bibliographic studies, especially ones by Pingree, include 
sections on Sanskrit table texts.? The abundance of the textual material fully 
supports Pingree’s conviction that such catalogues and surveys are indispensable 
to gaining a clearer understanding of the technical aims and methods of Indian 
astronomers in the second millennium. 


3.1.2 Smith Indic and Smith Sanskrit Collections, Columbia 
University 


The renowned historian of mathematics and pioneer of mathematics education 
David Eugene Smith (1860-1944) acquired a substantial collection of nearly 350 
Sanskrit manuscripts, as well as some in other South and Southeast Asian languages. 
These materials constitute the Smith Indic and Smith Sanskrit collections in the 
Rare Book Library of Smith’s home institution Columbia University, which also 
holds a few Sanskrit manuscripts from other sources. Since Smith was primarily 


3E.g., Pingree (1970-94), Raghavan et al. (1968-2007), Pingree (2004), Pingree (2003, pp. 
44-102), Bhandarkar Oriental Research Institute (1990-1991, vols. 30-32), Rajasthan Oriental 
Research Institute (1963-2007), and Sarma and Sastry (2002); still other Sanskrit manuscript 
catalogues that pertain to astronomical tables are listed in our bibliography. A section in Pingree 
(1981, pp. 41-46) lists author, title, and the identification of key features (such as epoch, table type, 
and relationships to other tables) for 35 known kosthaka/sdrani works. 


3.1 Table texts in Sanskrit scientific manuscript collections 75 


Table 3.2 Sampled manuscripts of major table texts: in collections analyzed in SATIUS and SATE 
(S & S); in the India Office Library Gaekwad Collection (G); and in the Wellcome Library (W). 


Work Epoch S&S G WwW 
Anantasudhdarasasarini of Ananta ca. 1525 1 
Kalpalata 1359 1 1 1 
Kamadhenu of Mahadeva 1357 1 
<KhandakhadyakasGrini> 1 

Khecaradipika of Kalyana 1649 1 

Khetasiddhi of Dinakara 1578 1 1 
Ganitamakaranda of Ramadasa Dave 1618 1 
Ganitardja of Kevalarama Paficanana 1728 1 

Grahakaumudi of Nrsimha 1603 1 2 
Grahajnana of Agadhara 1132 2 2 
Grahaprakdsa of Devadatta 1662 1 
GrahaprabodhasGrini of Yadava 1663 3 1 
Grahamanjart 2 
Grahalaghavasarini 1 1520 13 1 
Grahalaghavasarini of Prema 1656 2 
Grahalaghavasarint 1754 1 

<Grahasarani> 1 

Grahasarani of Gangadhara 1630 2 

Grahaégama of Govindastinu 1773 2 

Candrarki of Dinakara 1578 23 1 4 
Jagadbhisana of Haridatta 1638 6 1 
Jayavinodasarant 1735 

Tithikalpadruma of Kalyana 1605 1 1 
(Laghu)Tithicintamani of Ganesa 1525 15 1 
Tithidarpana of Murari ca. 1665 1 

Tithisarant of Dinakara 1583 2 

Tithyadicintamani of Dinakara 1569 1 
Panticangavidyddhari of Vidyadhara 1643 2 
Pajicdnganayanasdrant 1718 1 

Pattraprakasa of Visramasukla 1777 1 

Brhattithicintamani of Ganesa 1552 6 

Brahmatulyasarani 4 3 
Bhdgapajicanga 1 

Makaranda of Makaranda 1478 24 13 
Mahddevi of Mahadeva 1316 32 1 
Ravisiddhantamanjari of Mathuranatha Sarman 1609 3 1 
Ramavinoda of Ramacandra 1590 3 3 
Laghukhecarasiddhi of Sridhara 1227 1 1 
Laghutithidarpana 1665 1 

Sighrasiddhi of Laksmidhara 1278 2 


(continued) 


716 3 Table-text manuscripts 


Table 3.2 (continued) 


Work Epoch S&S G WwW 
Anonymous 1594 3 

Anonymous 1638 2 

Anonymous 1704 12 

Anonymous 1741 4 

Unidentified tables 1 


seeking documentation of the evolution of Indian place-value decimal numerals for 
his research (Smith and Karpinsky 1911), his Sanskrit acquisitions were heavily 
weighted towards mathematical and astronomical jyotisa topics (around 318 of 
the approximately 350 manuscripts collected). These jyotisa items include over 
180 treating various aspects of astronomy, of which nearly 150 represent numeral- 
rich kosthaka/sarani works. Almost all seem to have been originally copied in the 
western and northern regions of India. 


3.1.3 Gaekwad Collection, India Office Library 


A more organically developed Indic manuscript library is that of the Gaekwad 
Maharaja of Baroda in Gujarat, Anandrao/Anandaraja, who in 1809 donated to 
the East India Company 507 manuscripts (primarily in Sanskrit) dating from the 
late fourteenth to the late eighteenth century (Pingree 1976, p. 1). Now part of the 
collections of the India Office Library, they include 95 items containing texts on 
jyotisa (Pingree 1976, Appendix A), which primarily represent the Brahmapaksa 
and the GaneSapaksa. Nearly two-thirds of these 95 manuscripts concern astrolog- 
ical topics, while approximately thirteen of the 35 non-astrological items can be 
confidently identified as table texts mostly well-known works: they are enumerated 
in column G in Table 3.2. (Note that most of these manuscripts are counted also in 
column S&S of the same table, as they were previously described in more detail in 
Pingree (1973).) 

As the following descriptions confirm, a distribution of this sort, in which 
kosthaka/sarani material makes up about one-third of all non-astrological jyotisa 
manuscripts which in their turn constitute about one-third of general jyotisa 
holdings, appears to be much more representative of actual Indian technical libraries 
in Sanskrit than the overwhelmingly tables-focused Smith collections at Columbia. 


3.1.4 Wellcome Library 


The Sanskrit holdings of the Wellcome Collection form part of the extensive 
acquisitions by the pharmaceutical entrepreneur Sir Henry Wellcome (1853-1936) 
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of artifacts, books, manuscripts, and art relating to the development of medicine 
worldwide. In keeping with the main theme of the collection, most of the several 
thousand Sanskrit manuscripts are medical in nature; but approximately one thou- 
sand of them, representing around five hundred distinct texts, have been identified 
as pertaining to astronomy, mathematics, astrology, and divination. Over the course 
of about 20 years David Pingree and Dominik Wujastyk rationalized and catalogued 
these materials (Pingree 2004). 

Pingree notes (Pingree 2004, p. xviii) that the collection is comprised of many 
rare works, including a number of table texts. The Tithikalpalata, the Ananta- 
sudhdrasasarani of Ananta, the Ganitamakaranda of Ramadasa Dave, and the 
Devivildsasarini are among some of the manuscripts he highlights. 


3.1.5 Chandra Shum Shere Collection, Bodleian Library 


This is one of the largest Sanskrit manuscript collections ever brought to England, 
containing no fewer than 6330 manuscripts, of which 575 treat jyotisa topics. It 
was acquired in the early twentieth century through the efforts of the chancellor of 
Oxford University, Lord Curzon, and Maharaja Chandra Shum Shere, then prime 
minister of Nepal, who purchased the collection from an anonymous seller in India 
and donated it to Oxford in 1909. 

Pingree’s 1984 catalogue (Pingree 1984) of the jyotisa manuscripts in this 
collection, based on the initial lists compiled by T. Gambier Parry and E.H. Johnston 
who accessioned it at the Bodleian, also includes some non-jyoftisa manuscripts 
bound together with jyotisa texts. The jyotisa holdings were found to be for the 
most part seventeenth- through nineteenth-century copies of standard works, with a 
sprinkling of texts previously unknown to Indologists. Their contents range over the 
genres of astronomy, mathematics, divination, astrology (genethlialogy, muharta 
and prasna), reference/lexical works (encyclopedias and koa), and rites (piijd, 
Santi and magic). The chief strength of this collection, according to Pingree, is 
its documentation of Indian reactions to Islamic science in the Mughal period 
(particularly in astronomical literature and the new astrological disciplines of 
ramala and tdajika), as well as the spread of muhdrta or catarchic astrology in 
northern India. 

The 96 manuscripts in the astronomy genre are divided into various subgenres, 
shown with their corresponding numbers of manuscripts in Table 3.2. The kostha- 
ka subgenre comprises the most manuscripts, accounting for around 30% of the 
total; the works they contain are enumerated in Table 3.3. Notable items in this 
category include the copy of the Sighrasiddhi by Laksmidhara accompanied by a 
unique exemplar of Janardana’s supplement, an autograph copy of Ksemankara’s 
Subodhika, the first known copy of GaneSa’s Paficdngasiddhi, and the various tables 
of consecutive lunar and solar eclipses. 


78 3 Table-text manuscripts 


Table 3.3 Astronomical table texts in the Chandra Shum Shere collection. 


Work No. of MSS 
Abhinavatamarasa of Purusottama Bhatta, commentary on the Makaranda 
Grahanamala (consecutive lunar and solar eclipses from 1836 to 1945) 
Grahanamalasarani (consecutive lunar and solar eclipses from 1843 to 1909) 
Grahalaghavasarini of Ganesga 

Candrarki of Dinakara 

Camatkdarasiddhi of Virasimha 

Tithicintamani of Ganesa 

Dinacandrikaé of Raghavasarman 

Paricangasiddhi of Ganesa 

Paficanganayanasarani (1718) 

Patasaranivivarana of Divakara, commentary on Ganega’s Pdtasdranit 
Prakatagrahanamald (consecutive lunar and solar eclipses for 1666-1704) 
Brahmaryopakaranasiddhi of Janardana, appendix to the Sighrasiddhi 
Bhavapattra 

Makaranda of Makaranda 

Makarandodaharana of Visvanatha 

Ramavinoda of Rama 

Sighrasiddhi of Laksmidhara 

Subodhika of Ksemankara 

Suryasiddhantarahasya of Raghavasarman 

Consecutive lunar and solar eclipses 1779-1855 

Various parts of kosthakas 

Unidentified tables 


BP NFNF RFP RP NFR eR Bee ee pe BNR ee 


3.1.6 Maharaja Man Singh II Museum, Jaipur 


The library of the Maharaja Sawai Man Singh II located in Jaipur contains three 
substantial manuscript collections: Khasmohor, Pundarika, Pothikhana, containing 
a total of about 12,500 manuscripts. Some of their especially notable items are on 
display in the so-called Museum collection. Of the approximately 276 manuscripts 
identified as pertaining to astral science, 12 are in the Museum collection, which 
also contains a further 14 astronomical works in Persian or Arabic. The astral- 
science manuscripts in these collections were catalogued and analyzed by a team 
of specialists led by Pingree, including S. Ikeyama, C. Minkowski, K. Plofker, S.R. 
Sarma, and G. Tubb in the early 1990s. A descriptive catalogue based on their notes 
was published as Pingree (2003). 

As can be appreciated from Table 3.4, the kosthaka genre contains the most 
manuscripts by far. Out of the 276 astronomical works catalogued, around 118 of 
these are table texts of some kind, or a little over 40%. Some of the especially 
important table texts included in this library are a unique manuscript of Moresvara’s 
Makarandatippana, a unique manuscript of Harinatha’s tithi, naksatra, and yoga 


3.1 Table texts in Sanskrit scientific manuscript collections 79 


Table 3.4 Topics in Topic MS Jvs |SRC |KP 
(non-astrological) jyotisa as - 


represented in the Sanskrit bio - 
manuscript holdings of the siddhanta 43 5 3 3 
Maharaja Man Singh II karana 50 9 ie 12 
Museum (MS); the Jaina kosthaka 113 13 16 28 
Vidya Sansthan (JVS); and paficanga 1 
the Sri Ram Charan Museum Bihipues 2 1 1 2 
of Indology (SRC), all in 
Jaipur; and in a set of Star charts 5 
manuscripts purchased in Geography 
Jaipur (KP). Instrumentation | 18 3 3 2 
Miscellaneous 6 10 1 6 
Encyclopedias 
Translations 24 
Lexica 


tables, a unique manuscript of Goparaja’s Khagatarangini, and two of the four 
known manuscripts of Kevalarama’s Paficangasarint. In addition, the tabular work 
of Philippe De La Hire’s tables and related Sanskrit translations of this work, and 
a table comparing Jayasimha’s observed lunar positions with those computed using 
De La Hire’s tables are contained in this library. 


3.1.7 Some miscellaneous collections in north India 


Several collections in Rajasthan and Bihar were examined by one of the authors 
(Plofker) in 2003-2004. 


Jaina Vidya Sansthan, Jaipur 


The exact sciences manuscripts of this Jaina bhandar or institutional library range 
in copying date from the sixteenth to the early twentieth century.* According to the 
register of around 5000 manuscripts total, among some 255 jyotisa items in Sanskrit, 
Hindi, Rajasthani, and other vernaculars, about 40 pertain to non-astrological topics; 
these are broken down by subject in Table 3.4. Unsurprisingly, some of its notable 
items include works by Jaina authors such as Mahendra Siri and Dedacanda. 


4For a general survey of Jaina manuscript libraries in India, see Cort (1995); for some details 
about their history and holdings including jyotisa, see Jain (1963) and Pingree (2001-2004, pp. 
705-707). 
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Table 3.5  Table-text Manuscript | Title/subject 
TMDUSeLIDIS 2 SkCMI; 1.20 1.63 Mahddevi commentary 
Jaipur. 


1.20 1.94 Mahddevi 

1.20 1.97 Mahdadevi 

1.201.115 | Grahaldghavasarint 
1.201.145 | Candrarki ? 

1.201.207 | sarant 

1.201.211 | sarant 

1.201.212 | Makaranda commentary 
1.201.226 | GrahalaghavasGrini 
1.201.228 | Mahddevi commentary 
1.201.250 | varsa sarani 
1.201.271 | kosthaka 

1.201.287 | ramabija sdrani 
1.201.315 | Tithicintamani 
1.201.322 | Candrarki ? 

1.201.343 | paficanga sadrani 


Sri Ram Charan Museum of Indology, Jaipur 


This private collection may have begun as a family library but seems to have 
been amassed largely by the efforts of the individual founder of the institution in 
the twentieth century. The catalogue volumes (Sharma 1986-1994) treat ganita 
and jyotisa as separate categories, and distinguish geography/cosmology (bhigola- 
khagola) from both of them. Of the volumes that treat Sanskrit jyotisa works proper, 
volume | lists 46 such manuscripts of which none seem to relate to kosthaka/sarani 
works; volume 3 enumerates 329 jyotisa manuscripts, volume 5 two, and volume 6 
three, of which the following sixteen are known or guessed to be tables-related (see 
Table 3.5). 


Manuscripts in private commerce 


An important though extremely irregular source of knowledge about tables as well 
as other aspects of Sanskrit science is the variety of manuscripts offered for sale 
by private owners and arts/handicrafts dealers. The provenance of these documents 
is generally obscure, but it is speculated that they primarily represent the private 
family libraries of hereditary practitioners of astral sciences, usually deaccessioned 
by their descendants. A sample summary of jyotisa-related manuscripts in one such 
dealer’s collection seen in Jaipur in 2004 is shown in Table 3.6. 

Many of these manuscripts, if not obtained by individual researchers or libraries, 
are doomed to dismemberment at the hands of art dealers (if they contain visually 
interesting diagrams or figures) or miniature painters who use their text as decorative 
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Table 3.6 Primary topics Topic Number of manuscripts 

ad Maas peed : : siddhanta 5 (Saryasiddhanta, Siddhantasiromani) 

manuscripts on jyotisa seen in : : 

a dealer’s collection in Jaipur, karana 12 (Grahalaghava) 

2004. kosthaka 21 (Grahalaghavasarini, Makaranda, 
Candrarki) 


Instrumentation | 4 
Mathematics 6 (Lilavati, Bijaganita) 


background for a painting. Scrap-paper commerce absorbs many manuscript folia 
as well. 


3.1.8 Collections in Kerala and Tamil Nadu 


The late K.V. Sarma published in 2002 an overview (Sarma and Sastry 2002) 
of some 12,244 manuscripts containing at least 3473 texts on Sanskrit sciences 
(of which about 9713 manuscripts and 2506 texts deal with astronomy, astrology, 
and mathematics) located in approximately 395 public and private collections in 
Tamil Nadu and Kerala. The category “I. Astronomy and mathematics” lists titles 
1-889, plus 1-47 in a supplementary list, while “II. Astrology” includes titles 890- 
2420 as well as 1-43 in a supplement. The remaining material deals with other 
scientific disciplines: medicine, veterinary science, chemistry, music theory, botany, 
and architecture. Sarma notes (Sarma and Sastry 2002, p. 15) that less than 7% 
of the entire scientific corpus he surveyed, and about the same percentage of the 
specifically astral/mathematical material, has been published. 

The survey covers 247 manuscript repositories in Kerala and 148 in Tamil 
Nadu, ranging from small personal libraries of no more than 4 or 5 manuscripts 
to collections in university libraries and research institutes including those of 
Calicut University, Kerala University, the Adyar Library, the Government Oriental 
Manuscripts Library at the University of Madras, and the Tanjore Maharaja 
Serfoji’s Sarasvati Mahal Library in Thanjavur, preserving tens of thousands of 
manuscripts in various languages and subject areas. We have not tried to determine 
what percentage of their total Sanskrit holdings deal with the exact sciences of 
mathematics, astronomy, and astrology (including divination). However, we have 
roughly computed the percentage of the exact-sciences works that seem likely to 
deal with tables, based on the occurrence of known sdarani and kosthaka texts as 


5It is extremely difficult to estimate the volume or nature of privately owned Sanskrit scientific 
manuscripts circulating in this sort of commerce within India, much less the ones discarded and 
destroyed. Some attempts have been made to study the documentation of such collections or to 
record the activities of current collectors; see, for instance, Zysk (2012) and Nagarajan (2016). A 
major project intended to create a database of all available manuscripts still maintained in existing 
collections was launched in 2004-05 by the National Mission for Manuscripts (https://namami. 
gov.in). 
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well as ones that include variants of the terms kostha, cakra, and sGrani in their 
titles (the listed works are not described in detail, so in most cases the listed title is 
the only indication of the subject matter). 

As the following list indicates, the types of table texts most familiar from 
northern collections, either well-known works such as the Tithicintamani or ones 
explicitly titled -sarani or -kostha or some variant thereof, make up only about 15 
distinct works and 17 manuscripts in the total corpus. The survey contains numerous 
other works ending in “-phalani” (“equations” or “results”) and other terms that may 
well refer to tables of function values, which we have omitted from consideration 
on grounds of uncertainty. Our current best guess, then, is that at a very conservative 
estimate about one to two percent of these works reflect the row-and-column tabular 
genre popular in north India in the same period. 

When we turn to the specifically south Indian genre of the vakya, however, 
we find 66 texts in this category (base-texts and commentaries, including ones 
on the seminal vakya text Venvaroha of Madhava), in 268 manuscripts relating to 
both astronomical and astrological computations. There are an additional 63 items 
in 360 manuscripts entitled simply paficdiga or calendar, and 33 others (six of 
which overlap with titles in the vakya category and another with one in the sa@rani 
category) in 74 manuscripts whose names suggest they pertain to the computation 
of paficangas. For lack of fuller information, we have simply lumped these into the 
same category with kosthaka/sarani works, although some of them are probably 
not in tabular form. A note by the author (Sarma and Sastry 2002, p. 21) identifies 
at least 13 additional surveyed items in 15 manuscripts consisting of trigonometric 
tables recorded in katapayddi compositions. Excluding the presumably ephemeral 
pajicanga items themselves, this means that at a fairly conservative estimate, about 
357 of 9713 manuscripts and 143 of 2506 distinct texts, or between 4 and 6% of all 
the listed astral/mathematical material, represent some kind of table text. Over half 
of those works (and well over three-quarters of their manuscripts) involve the verbal 
rather than graphical tabular format of vakyas and similar katapayddi constructions. 

Two features of this rough analysis stand out: the relatively low prevalence 
of table texts compared to their representation in the collections and catalogues 
described above, and the predominance within this group of the uniquely south 
Indian katapayddi verbal-table structure. This is a salutary reminder that one cannot 
draw general conclusions about Sanskrit astronomical/mathematical tables as a 
textual genre without thoroughly investigating the ancient and prolific south Indian 
vdkya tradition and related compositions using katapayddi notation to construct 
mnemonic tables. 


Categories of (known or presumed) table works in Sarma and Sastry 
(2002): 


Title includes kostha. 3 works: I.116, 1.205, 1.300 
Title includes s@ranit. 8 works: 1.260-263, 1.268 (of Mahadeva), 1.384, 1.541, 
11.1356 
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Title includes vakya. 62 works: 1.29, 1.92, 1.103, 1.113, 1.250, 1.264, 1.273- 
274, 1.283, 1301-304, 1.311, 1357-358, 1.419-420, 1.429, 1.528, 1.534, 1.549, 
1.625, 1.638, 1.699—700, 1.702, 1.710, 1.717-719, 1.721-733, 1.745, 1.797, Lsup.7, 
Lsup.9, Lsup.20-21, I-sup.39-41, I1.934—935, II.1052, 1.1098, 11.1441, 11.1642, 
II.1656, II.1696, If.1707 

Title includes paficanga. 96 works: 1I.457-541, 1.726-728, 1.744, II.1167, 
II.1490, II.1704—1708 

Known kosthaka/sarani texts. 8 works: 1.319 (Candrarki of Dinakara), 1.380 
(Tithicintamani of GaneSa), 1748-751 (Venvaroha of Madhava), I.1499 
(Tithyadicintamani of Gane§a), I.1892 (Brhattithicintamani of Ganesa) 

Identified katapaydadi trigonometric tables. 14 works: 1.20, 125, 1.119, 1.321, 
1.335, 1.337-341, 1.401, 1.551, 1.610, 1.611 


3.2 Spatial and graphical characteristics of table-text 
manuscripts 


Many conventions of Sanskrit scribal orthography—the pagination, titles and so 
forth—are consistent across many Sanskrit technical genres including table texts. 
Eventually, detailed comparison of kosthaka layouts with astronomical table formats 
in non-Sanskrit scientific traditions may shed more light on possible connections 
between them. In the meantime, the discussion in this chapter will focus on some 
distinctive features of the way sdranis and kosthakas are written. 


3.2.1 Notation and layout conventions 


Argument values. Most Sanskrit numerical tables are oriented so that their 
argument runs horizontally left to right across the width of a page.° Throughout this 
book, we refer to this sequence as the “argument row,” with no assigned row number. 
Figure 3.1 illustrates this layout with argument values from 0 to 29 along the top of 
the table and numerical entries placed in the corresponding rows underneath. 

When a table has more argument values than the width of the page can 
accommodate, the scribe simply continues the linear sequence by wrapping the table 
back to the left edge of the page. A lengthy table can be wrapped several times over a 
single page or even over several pages. See, for instance, the top image in Figure 3.2, 
where the table is wrapped after argument value 60. 


The width of a Sanskrit manuscript page is typically greater than its height, in keeping with the 
traditional “landscape” or pothi format derived from ancient use of birch bark and palm leaves as 
a writing material (Goswamy 2007, pp. 20-23). 
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Fig. 3.1 Excerpt from a page of a manuscript of the Karanakesari (RORI 12792 f. 4r) (Montelle 
and Plofker 2013; Misra et al. 2016), showing the arrangement of argument values and their 
corresponding entries in the first and second table rows with vertically stacked sexagesimal digits. 
The word dhanam (positive) in the second row’s right margin indicates that the differences in this 
row are to be applied positively to the entries in the first row. 


SS URES ESN oe 
j ccm ett a 
owe 3G mee URS PEED PO Fh s | Free ee Se s. 2 URS oe eee ay 
ase bl a ue 3g BR Rw que 20) Yau ago ~ 9 22 Pa a2 2% Bi 


ECE SAH QAM RANE RG AARC Sen 
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BS FRAT cal % m w S90 RY 9293.9 OAS ag.s6 5u cu jedexrace aN GE G9 0G teste 
0 wee RE 245 : mace wa) 


rd Erciry 24 a5 29.36 30 wo ra aa ace a9 UG & leatpa 42 uz uaazuud a4 4g 49 uae eg 


BESEUC aL Got ismanadswann AAAS D2 man mT AeA AS aan uw 
q) QQ BSI C)t SUR Bw SEDIENE KORUBSIEC EY EEO UR CE Sie 
| od eawre 26333 atagaganeg vp 
mene o bam yo SABE ENLRR anisy ‘baa He 2 uF? Sieve 
~ } 1 
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Fig. 3.2 Numerals in manuscript tables rotated sideways to fit their cells. Top: Makaranda (BORI 
546 f. 12r). Bottom: Smith Indic MB C f. Ir. 


A table’s (single) argument may be split into two separate components laid out 
in different dimensions, such as an argument of celestial longitude represented by 
twelve rows of zodiacal signs and thirty columns of degrees within a sign, such 
as splitting argument values given in degrees into zodiacal signs and degrees. This 
commonly occurring layout appears in many examples within this book, including 
Figures 4.24, 4.27, 4.29, 4.53, and 4.55. Presumably it was chosen as a more efficient 
alternative to wrapping a table into multiple segments, each requiring a separate 
argument row. 

Occasional exceptions to the conventional horizontal sequence of entries include 
the table shown in Figure 4.65, whose argument values run vertically down the page. 
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Such tables, usually directly influenced by Islamic or European sources, are found 
in manuscripts employing the (comparatively late and rare in the Sanskrit corpus) 
“portrait” format with the height of the page greater than its width. 

True double-entry tables, as opposed to the split-single-argument tables 
described above, appear to be extremely rare in the Sanskrit corpus.’ The 
only unambiguously double-entry table we have encountered therein occurs in 
manuscripts of GaneSa’s Pdtasdrani, for the purpose of computing mahdpdatas 
or parallel aspects of the sun and moon (Section 4.11); a copy is shown in 
Figure 4.61. Its two independent arguments are the zodiacal half-sign of nodal 
longitude (horizontal) and the current naksatra (vertical). A worked example in a 
commentary on the Patasdrani by Dinakara (fl. 1812, MS UPenn 390 697 f. 3r—v) 
outlines procedures for double interpolation within it. 


Decimal and sexagesimal numerals. Sanskrit numerical tables use standard 
Indian place-value base-ten numerals to write both decimal and sexagesimal (or 
quasi-sexagesimal) quantities.® The integer part of a sexagesimally divided number 
may be written in two places for zodiacal signs and degrees, as illustrated in row 1 
of the table shown in Figure 3.1, or as a single decimal integer that may be greater 
than 60 (see Figures 3.5, 4.33 and 4.50). 

Sexagesimal table data are usually arranged vertically in their cells with the most 
significant sexagesimal digit on top, as illustrated in Figure 3.1. Underneath the 
argument are two “rows” of entries in table cells delimited by red lines. The first 
row’s entries show the degrees, minutes, and seconds places stacked vertically, while 
the entries in the second row, evidently in minutes and seconds alone, represent the 
differences between successive entries in the previous row. 

The orientation of numerals may be tilted to fit them into a table cell, as illustrated 
by the examples in Figure 3.2 (see also Figure 4.48). 


Digit separators or dandas In ordinary text, vertical bars called dandas are 
generally used as dividers between the sexagesimal places in a number. This is 
very rarely done within a table cell, perhaps because of the potential confusion 
generated by vertical lines in a ruled environment. Figure 3.3 shows the use of 
danda separators between sexagesimal digits representing zodiacal signs, degrees, 
minutes, and seconds, in a table title and within table cells. 


Fraction approximation with danda strokes As noted in Section 2.2.2, table 
entries sometimes contain, in place of sexagesimal fractions, the approximations 
one-quarter, one-half, and three-quarters indicated by a corresponding number of 


7Pingree (1968, p. 46 (item 52)) describes a table found in some manuscripts of the Makaranda as a 
“double-entry table of unknown purport” whose arguments run from | to 12 both horizontally and 
vertically. As this table is not yet fully analyzed, we cannot definitively confirm its double-entry 
structure. 

8See Figure C.2. For more examples of scribal renditions and variant forms of the ten numeral 
glyphs in nagari, see www.hamsi.org.nz/p/how- to-read-devanagari-numerals.html. 
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Fig. 3.3. Manuscript page excerpts showing sexagesimal number digits separated by dandas. 
Left: Karanakutihalasadrint (BORI 501 f. l6v). The text reads: buddhamamdaphalam 
buddhamamdoccah 7 | 15 | 0 | 0 | “The manda-equation of Mars: the manda-apogee is 7 [zodiacal 
signs] 15 [degrees] 0 [arcminutes and] 0 [seconds]’”. Right: Jagadbhisana (RORI 10192 f. 14v). 
The cell entries read: va[kra] 4 | 2 ’[sta]-pa|Scima] 3 | 57 | and ma[rga] 9 | 42 | u[daya]-pi[rva] 
6 | 27. 


Fig. 3.4 Excerpt from a 
manuscript of the 
Brhattithicintamani (Smith 
Indic 151 f. 4r) showing a 
table with “danda-quarter” 
fractions in the entries in its 
second row. 


Fig. 3.5 Above mentioned manuscript of the Karanakesart (RORI 12792 f. 2r) illustrating the use 
of negative and positive symbols in table entries. The decrease or increase of solar velocity values 
in arcminutes and arcseconds for successive avadhis in row 2 is tracked by the sign changes of the 
daily velocity differences, in arcseconds with “danda-quarter” fractions, in row 3. 


dandas. This “danda-quarter” notation is demonstrated in Figures 3.4, 3.5, and 3.7; 
see also Figures 4.11, 4.51, 4.57, and 2.18. 


Symbols for negative and positive numbers Negative and positive signs often 
appear in tabular data, sometimes accompanying zero quantities as well as nonzero 
ones. A cross sign XX, orthographical shorthand for the ndgari character “r’ 
standing for rnam or “negative,” would be written following the number it modified. 
So would the ndgari character for dha, short for dhanam or “positive” (see 
Figure 3.1). 

The sign of a number in a table entry generally defaults to the last explicitly 
indicated sign symbol. Consider, for instance, the table excerpt in Figure 3.5, whose 
second row contains solar velocity values for successive avadhis or 14-day periods, 
while the third row shows their approximate daily change: i.e., 1/14 of the difference 
between consecutive velocity values, rounded to the nearest danda-quarter. The 
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Fig. 3.6 Excerpt from a manuscript of the Laghukhecarasiddhi (IO 2408b f. 7r) showing the use 
of the symbols for indicating when a function is increasing and decreasing. 


Fig. 3.7 Excerpt from a manuscript of the Mahddevi (RAS Tod 24 f. 27v) containing two different 
negative-sign symbols as well as the “danda-quarter” strokes for approximating fractions. 


change in velocity from column 6 to column 7 is negative and thus marked with x , 
while the subsequent velocity increases from column 7 to column 20 are flagged 
with a dha symbol, which is succeeded by another X as the values decrease again. 

Figure 3.6, on the other hand, shows positive and negative sign symbols used to 
mark a transition (in columns 13 and 14) between increasing and decreasing table 
entries without explicitly recording their differences. Finally, the table in Figure 3.7 
contains both the and the ndgari character r for rnam to indicate negative 
quantities. 


3.2.2 Scribal errors, emendations and markup 


Simple uncorrected scribal errors, primarily writing a wrong number or set of 
numbers by mistake for the correct one, are ubiquitous in table manuscripts. In 
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Fig. 3.8 Excerpt from Karanakesart manuscript (RORI 12792 f. 7v) apparently showing the 
effects of scribal distraction, with the numeral 3 repeated in column 24 by mistake for the intended 
maximum value 4. 


Fig. 3.9 Left: Excerpt from a different manuscript of the Karanakesart (Smith Indic MB XXIV 
f. 3v) showing the scribe’s uncorrected duplication of argument and entry in column 38. Right: 
The previous page (f. 3r) of this same manuscript shows a mistaken duplication in entry 4 which 
has apparently been noticed and flagged with light horizontal strikethroughs, but not corrected. 


some cases, it is possible to infer what particular copying technique or feature of the 
content probably led the oblivious scribe to produce the given error. For example, 
Figure 3.8 shows an excerpt from a table whose values slowly increase from 3,40 to 
a maximum of 4,0 at argument 24 and then slowly decrease again. But the scribe has 
failed to notice the change from the long succession of 3’s in the most significant 
sexagesimal digit to the single instance of 4, so he wrote 3,0 instead of 4,0. 

In the manuscript table excerpt reproduced on the left of Figure 3.9, the scribe 
has duplicated an entire table column, both argument and entry. This redundancy 
does not affect the correctness of the table data, and no correction or erasure has 
been made. In the table excerpt shown beside it, on the other hand, the scribe has 
mistakenly duplicated the correct entry for argument 5 in the cell for argument 4. 
Subsequently the scribe (or possibly a later reader?) noticed the error and struck 
through the incorrect digits in column 4 with thin horizontal lines, but did not supply 
the correct values in their place. 

When a copying error is noticed, it may be retrieved either by writing the correct 
figures more boldly over the mistaken ones, squeezing them into the table cell beside 
the stricken-out erroneous values, copying them separately into a page margin with 
insertion marks, or some combination of the above. Figures 3.9 and 3.10 display the 
overwriting technique, which often makes the corrected glyphs blotchy and difficult 
to read (see also Figure 3.16). The examples shown in Figure 3.11 illustrate the use 
of marginal corrections in conjunction with other methods. 

Figure 3.12 illustrates the insertion of marginal corrections without attempting 
to change the incorrect data. The second row in the pictured table shows the 
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Fig. 3.10 A page from a manuscript of the Makarandasd@rini (RORI 20231 p. 51) with overwritten 
argument values corrected from 7’s to 8’s. 


Fig. 3.11 Top: A manuscript of the Candrarki (RORI 7752 f. 8r) showing an incorrect entry struck 
out and replaced with correct data in the left margin. Bottom: A manuscript of the Makarandasarint 
(Smith Indic 185, unfoliated) showing an incorrect entry overwritten as well as replaced with 
correct data in the bottom margin. 
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Fig. 3.12 Excerpt from Karanakesari manuscript (RORI 12792 f. 3v). Instead of crossing out or 
overwriting the multiple mistakes in the second row, the scribe merely inserts the correct values 
beside or beneath them. 


successive differences between the function values tabulated in the first row. Where 
the tabulated function is piecewise linear, the differences remain constant (although 
the constant value is not always precise to the nearest second). The scribe has 
incorrectly shifted his sequences of constant differences by one entry: 1.e., the 
difference between entries 29 and 30 which appears under entry 30 should have 
had 38 in the minutes place, but 42 was written instead. As a result of this mistake, 
the subsequent jumps to 45 minutes in column 35 and to 47 minutes in column 40 
were also premature. The scribe has detected these errors and written in the correct 
amounts of the differences, either in the same cell or as marginalia indicated with 
small inverted caret marks. 

Overwriting incorrect entries was often preceded by, or omitted in favor of, 
painting them out with a colored pigment or paste, often made from turmeric.? 
The application of correction paste may sometimes reveal something about the way 
in which the scribe has originally copied the entries. For instance, the top image 
in Figure 3.13 shows a horizontal sequence of painted-out and overwritten errors. 
This configuration suggests that the scribe was copying the entries horizontally and 
propagated an initial error through several successive values. 

In contrast, the two bottom images show sequences of painted-out errors running 
vertically down a column. The table on the left contains individual corrections to the 
second sexagesimal digit of successive entries in column 20, while the scribe of the 
table on the right has used paste to erase the entire contents of the column following 
column 22 before continuing with a new column 23. The inference is that in this 


°“In a context, letter/s or word/s may have to be omitted [...] sometimes, yellow pigment or 
turmeric is smeared over such portion” (Murthy 1996, p. 109). See also Sircar (1965, p. 91) and 
Goswamy (2007, p. 38). 
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Fig. 3.13 Yellow turmeric paste used to paint over erroneous numbers. Top: Karanakesart (RORI 
12792 f. 5r). Horizontal sequence of erroneous final digits in entries in the third row, painted-out 
and then overwritten. Bottom left: Karanakesari (RORI 12792 f. 8r). Painted-out and overwritten 
digits in column 20. Bottom right: Jagadbhisana (RORI 10192 f. 54r). Entire column 23 painted- 
out and rewritten. 
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Fig. 3.14 Excerpt from a manuscript of the Brhattithicintamani (Smith Indic 151 f. 17v). 
Top: A single strip of paper originally pasted over a miscopied table row. Bottom: A table 
originally corrected with the above cut-and-pasted strip over its third row, which had initially been 
erroneously filled in with the table entries for the fourth row. 


case, the scribe was copying the entries vertically and had corrupted part or all of a 
column before detecting his mistake. Other traces of correction paste elsewhere in 
these excerpts indicate rectification of isolated errors in separate entries. 

For extensive corrections, a scribe might resort to cut-and-paste techniques. 
Figure 3.14 shows an example of such a correction applied to a miscopied row 
in a table. As the figure shows, the third and fourth rows of the table as initially 
written are identical, because the scribe too precipitately copied into row 3 the table- 
argument values intended for row 4. The error was remedied by copying the correct 
entries onto a separate small strip (shown in its present detached state in the figure) 
and sticking it over the miscopied row using some sort of adhesive, whose whitish 
traces are still evident in the image. 

Besides sometimes writing numerical data incorrectly, scribes were prone to 
misjudge the layout and arrangement of their table structure. Examples of such 
errors are seen in the excerpts from three successive pages of a set of tables pictured 
in Figure 3.15: not only has the right edge of the table in the top left image spilled 
across the double-line marking the right margin, but entry 309 has been added on 
beyond the bottom right edge. The row containing the next entries beginning with 
310, in the top right image, has clearly been ruled before attempting to write in the 
numbers: the scribe then found he did not have enough vertical room in the row, and 
drew in another horizontal line below the previously ruled one. On the next page, 
shown in the bottom image, the scribe evidently began to rule in more horizontal 
lines but gave up when he realized how few remaining table entries he had to fill 
them. 

Figure 3.16 shows a similar miscalculation on the part of a tables scribe. He 
apparently pre-ruled the grids for two adjacent tables, the first with numerical 
argument values up through 67 and the second using syllabic abbreviations of 
zodiacal sign names as its arguments, and separated the two tables with a double 
vertical line. Then after writing entry 66 of the first table, he realized he had run 
out of columns and was forced to cross the double-line border to put entry 67 
in the space reserved for the next table. In all these examples, even though the 
entries themselves are correct, the awkward layouts are potentially misleading and 
confusing for the user. 
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Fig. 3.15 A manuscript of the Candrarki (Smith Indic 29 ff. 2r—3r, clockwise from top left) 
showing excerpts from images of three consecutive pages revealing table layout errors. 


Fig. 3.16 A manuscript of the Karanakesart (Smith Indic MB XXIV f. 4v) showing a table pre- 
ruled to end with argument 66 but actually extending up to argument 67, forcing the scribe to add 
the final entry in the next table’s first column. 
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Fig. 3.17 A manuscript of the Mahddevi (Plofker 23 f. 102r-v). Top: The incomplete first row of 
a table that was pre-ruled but abandoned after being spoiled by the omission of an entry value. 
Bottom: The first row of the completed recopied version of the same table on the next page. 


AMA FU . 
aa AER acrst_ 4 a> 


a we fe le ke Je leks en chat ML lo neat ae RS 


We ME KNNAY ory uy 


Fig. 3.18 A manuscript of the Makaranda (Smith Indic 185 f. 10r) with a table that was never 
completed. 


Occasionally, individual tables are left incomplete after being deemed unsal- 
vageable due to catastrophic copying errors. Figure 3.17 illustrates one such case, 
where a scribe presumably noticed (top image) in the middle of writing numbers in 
entry 15 that he had skipped the value proper to entry 5. He abandoned the table and 
(bottom image) recopied it on the next page, this time correctly including the value 
for entry 5 (although even in this recopied version he still omitted the correct value 
for entry 7, instead duplicating the value in entry 8). 

Finally, Figure 3.18 shows a table simply abandoned by the scribe before 
completion, for no discernible reason. Such examples seem to be comparatively rare, 
presumably because unfinished tables would be of little use to practicing jyotisis, 
and hence less likely to survive in manuscript form. 


Chapter 4 Mm) 
Elements of table texts ml 


The canonical structure and sequence of astronomical topics as represented in 
most major siddhdnta and karana works (see Section 1.4) are modified in the 
table-text genre in a number of different ways. As described in Section 2.3.1, a 
sarani or kosthaka is often dedicated to a particular astronomical task, such as 
finding planetary positions for horoscopes, computing eclipses, or constructing 
calendars. So individual tables containing values of specific astronomical functions 
are constructed, combined, and ordered differently in different table texts. For 
example, a work intended for making calendars or eclipse predictions will have 
tables for the motions of the sun and moon but not of the five star-planets, while a 
table text for planetary positions may omit tables for parallax, and so forth. 

Because of this modular structure, we have undertaken in this chapter to describe 
a “standard” selection of individual tables as separate elements or components of 
diverse kinds of table texts. These tables represent the functions or algorithms most 
commonly employed in kosthaka/sarani works, although as the following examples 
indicate, their implementation and format vary widely depending on the intentions 
and skill of their compilers. The descriptions of many such works in Chapter 5 and 
Appendix A illustrate the variety of ways the individual tables can be combined to 
make up a kosthaka customized for the compiler’s purposes. 


4.1 Mean longitudinal displacement 


Since mean motions with their various corrections are the fundamental concept 
underlying most astronomical computations (see Section 2.1.1), almost all table 
texts address them. Typically, each celestial body is furnished with a set of tables 
of linear increments AA to mean longitude A, or displacements from its epoch 
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mean longitude, corresponding to successive integer multiples of various time-units. 
These units range from civil days (or even ghatis) to “ideal months” of 30 days, 
“ideal years” of 360 days or actual (mean) years of 365+ days, and periods of 60, 
100, or even thousands of years. Alternatively, longitudinal increments might be 
tabulated in multiples of integer days from 1 to 9, 10-90, 100-900, and so on for 
successive orders of magnitude.! 

The user enters the mean longitude displacement tables for the desired planet 
with a given amount of time elapsed since epoch, typically the so-called ahargana 
or accumulated civil days. This time interval is broken down into integer multiples 
of each of its component time-units ¢, such as multi-year periods and single years. 
The appropriate entry AA; corresponding to each of these components is found 
in the tables, and all the entries are added up modulo 360° to produce the total 
displacement from the planet’s epoch mean position at the desired date. The epoch 
mean position itself, generally called ksepaka “additive [offset]” or dhruva “fixed 
[offset],” is frequently incorporated into one of these table entries. In such cases, the 
sum of the entries gives the planet’s present mean longitude directly. 

The tabulated mean longitudinal increments are usually computed from more 
precise mean-motion parameters, as we can infer from comparing their successive 
entries to corresponding integer multiples of their initial values. Nonetheless, such 
mean longitude tables are still too approximate to remain useful for any great period 
of time beyond their epoch date, even though their compact organization allows 
their compilers to nominally extend them far into the future over many centuries, 
millennia, or even more.” 


Mean longitude tables: Rajamrganka 


Figure 4.1 shows the mean longitudinal displacement tables for Jupiter from a 
manuscript of the Rajamrgdanka of Bhojaraja (see Section 5.1). The mean longitude 
increments or bhogas Ah, corresponding to successive multiples of each time- 
unit ¢ are tabulated as shown in Table 4.1. Thirteen numbered subtables for each 
planet contain longitudinal increments for 1 to 9 days, 10 to 90 days, and so 


'Such combinations of mean longitudinal increments for multiples of different periods had been 
employed in Greek and Islamic astronomical tables at least since the Almagest of Ptolemy, in which 
the increments are tabulated for 1-24 hours, 1-30 days, 1-12 30-day “months,” 1-18 years, and 
1-45 18-year periods. As the following examples show, Indian mean longitude tables employ very 
diverse combinations of time-units, usually in decimal multiples. 


?See, for example, the multi-billion-year framework described in Table 4.1 in Section 4.1. 
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Fig. 4.1 Mean longitudinal displacement tables for Jupiter from the Rajamrganka (Baroda 9476 
ff. 5r—-6r). 


on, up to 9,000,000,000,000 days or over 24 billion years (!). The mean daily 
longitudinal displacement used to generate these entries, given in a table earlier 
in the manuscript, is 0°, 0°;4,59,9,8,37,23,45. 
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Table 4.1 Characteristics of Argument range | Time-unit t | AA, (to arcseconds) 
the mean longitudinal —— on ee 


a A so. 
displacement tables for si Single days i Paes 
Jupiter in the Rajamrganka 10 days 0°, 0°; 49,52 
(Figure 4.1). 100 days O°, 8°; 18,35 


1000 days 5° 5. 23°35752 
10,000 days 3°, 20°;58,44 


10° days 0°, 29°;47,20 
10° days 9°, 27°; 53,15 
10’ days 3°, 8°; 52,34 

108 days 8°, 28°;45,35 
10° days 5°, 17°;35,52 


10!9 days TS 25°; 58,22 
10!! days 6°, 19°;43,41 
10!2 days 6°, 17°; 16,50 


mca 
Has RSE Scot 


a = : . = 


Fig. 4.2, Mean longitudinal displacement tables for Jupiter from the Brahmatulyasaranit (Smith 
Indic MB LVIII f. 4r). The table for single days is titled gurubhogyadinani “increments [for 
successive] days of Jupiter,’ while that for 20-year periods is titled guruksepakah “additive [offsets] 
of Jupiter”. 


Epoch mean longitude: 3°, 16°;0,30 


Mean longitude tables: Brahmatulyasarani 


Figure 4.2 shows the mean longitudinal displacement table for Jupiter from a 
manuscript of the Brahmatulyasdrani (see Section 5.3), summarized in Table 4.2. 
Here the successive daily increments are called bhogyas. 
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Table 4.2 Characteristics of the mean longitudinal displacement tables for Jupiter in the Brahma- 
tulyasdarani (Figure 4.2). 


Argument range Time-unit f¢ Aj, (to arcseconds) 
1-30 Days 0°, 0°:4,59 

1-12 “Ideal months” of 30 days 0°, 2°;29,34 

1-20 “Ideal years” of 360 days 0°, 29°;54,53 

1-30 Periods of 20 “ideal years” TS, 28°;17,48 


Epoch mean longitude: 2°, 4°;0,51 (from the Karanakutithala (Mishra 1991, p. 4, 
verse 1.5)). This value is added as a one-time offset to AA; = 7°, 28°;17,48 in the 
first entry of the 20-year-period table. Consequently, mean longitude calculations 
for any date 20 years or more after the epoch date will automatically include the 
epoch mean longitude offset. 


Paratext. The table headings include the following text: 

ardhabhuktih 2 | 30 “half-[daily] velocity 2;30 [minutes].” 

ramabija 190 kala rnam “ramabija 190 minutes, negative.” 

desantarakala 1 dhanam “minutes of longitudinal difference correction, 1, 
positive.” 

The procedure for computing a mean longitude is explained in the verse text 
which accompanies the tables (Montelle and Plofker 2015, pp. 7-8, verse 2): 


Firstly, computing the number of accumulated days as stated in the handbook, the learned 
who are cheerful in nature are to divide [it] by the amount 30; again this quotient should 
be divided by 12; one should divide the result by 20. Now, precisely these numbers called 
the four remainder-numbers, [entered into] their respective tables [with the corresponding 
entries] combined, are the [mean longitudes of the] planets at the city of Lanka [i.e., for 
zero degrees of terrestrial longitude]. 


Mean longitude tables: Grahalaghavasarinit 


A version of the tables commonly called Grahalaghavasarini, based on the Graha- 
laghava of Gane§Sa (see Section 5.6.1), employs a somewhat similar mean longitude 
table structure illustrated in Figure 4.3 and summarized in Table 4.3, again using the 
example of Jupiter. 


Epoch mean longitude: 7°, 2°;16,0 (from the Grahalaghava (Josi 1994, p. 18, 
verses 1.6—-8)). This value is added as a one-time offset to the first entry of the 
table of longitudinal increments for successive cakras or periods of 4016 days 
(approximately 11 years). Note that all the entries in this table are effectively given 
only to arcminutes, since the second sexagesimal place is constantly zero. 


Paratext. The titles of the subtables in Figure 4.3, reading from bottom to top, form 
a condensed guide to the mean longitude computation: 
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Fig. 4.3, Mean longitudinal displacement tables for Jupiter in the Grahalaghavasarini (Plofker 26 
f. 4r). 


Table 4.3 Characteristics of the Grahalaghavasarini’s mean longitudinal displacement tables for 
Jupiter (Figure 4.3). 


Argument range Time-unit f¢ AA, (to arc-thirds) 


1-29 Days 05, 0°;4,59,8 
1-11 “Ideal months” of 30 days OS, 2°;29,34,17 
1-11 “Ideal years” of 360 days O°, 29°:54,51,25 
1-30 Periods of 4016 days (cakras) 11°, 3°;42,0 


“Cycle” table: = cakramkah “numbers [pertaining to] the cakras,’ 1.e., the periods of 4016 
days. The first entry is the epoch mean longitude. 

“Ideal year’ table: = dvddasalabdhamkah “numbers [pertaining to] the quotient [upon 
division] by 12,” i.e., integer multiples of 12 30-day periods in the days left over from 
the integer number of 4016-day cycles. 

“Ideal month” table: = dvddasasesamkah “numbers [pertaining to] the remainder [upon 
division] by 12,” i.e., the remaining number of 30-day periods when integer multiples of 
12 of them have been removed. 

Day table: = gurumadhyamatrimsacchesa[n]kah “Jupiter mean [longitude] numbers [per- 
taining to] the remainder [upon division] by 30,” i.e., the remainder in single days when 
integer multiples of 30 days have been removed. 


Figure 4.4, summarized in Table 4.4, shows an additional table from the same 
manuscript containing Jupiter’s mean longitudinal displacements for shorter time 
increments. A different recension of the Grahalaghavasarini, in a manuscript shown 
in Figure 4.5, employs yet another set of time-units for its mean longitude tables.* 


3See Table 5.11 for a summary of the varying systems of tabulating mean longitude increments 
in different recensions of the Grahalaghavasarint. These recensions illustrate how variously table 
compilers might approach the task of recasting the same karana in table-text form. 
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Fig. 4.4 Additional mean longitudinal displacement tables for Jupiter in the Grahalaghavasarint 
(Plofker 26 f. 14r). Note that the scribe has miscopied the first two entries in the second table, so 
the initial entry appears different from the actual AA; in Table 4.4. 


Table 4.4 Characteristics of the Grahalaghavasarini’s additional mean longitudinal displacement 
tables for Jupiter (Figure 4.4) . 


Argument range Time-unit f AA, (to arc-seconds) 
1-9 Single ghatis 0°;4,59 
1-6 Intervals of 10 ghatis 0°;49,51 
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Fig. 4.5 Excerpts from the mean longitudinal displacement tables for Jupiter from a second 
version of the Grahalaghavasarini (Smith Indic 26). Left (f. lr): Increments of 10 days and single 
days. Right (ff. 1v—2r): Decades beginning with Saka 1676 and single years. 


Mean longitude tables: Makaranda 


A contrasting approach to arranging mean longitude displacement tables is used 
by Makaranda in the Makaranda (Section 5.5). Each planet has only one table 
containing sexagesimal entries called vatikda, precise to 8 places, which can be read 
in “floating-point” form to apply to any time-unit measured by successive powers of 
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Fig. 4.6 Mean longitudinal displacement tables for Jupiter from the Makaranda of Makaranda 


(Baroda 3225 f. 18r—v) arranged according to the vatika scheme. 


Table 4.5 Characteristics of the mean longitudinal displacement tables for Jupiter in the Maka- 
randa (Figure 4.6). 


Argument range Time-unit f AA, in “floating point form” 


0-59 Any sexagesimal power of 10 ghatis 0, 49, 51, 28, 5, 57, 56, 17 


60, beginning with 10 ghatis. Figure 4.6 shows the mean longitudinal displacement 
table for Jupiter from a manuscript of the Makaranda, whose numerical data is 
summarized in Table 4.5. 

Under the argument value 0 appears the difference between successive entries, 
given as 0;49,51,28,5,57,56,17. The mean daily longitudinal displacement can 
be read off the sixth entry (= 10 x 6 = 60 ghatis or 1 day): namely, 
0°;4,59,8,48,35,47,37. With the appropriate adjustment in units, this column can 
also produce the mean longitudinal displacement for longer time intervals. For 
instance, the same cell, read as 4°;59,8,48,35,47,37, also represents the longitudinal 
displacement for 10 x 6 x 60 = 3600 ghatis, or 60 days. The table data is thus 
entirely sexagesimal. 


Paratext. The table heading reads guruvatikavalli || desamtara 0 | 0 | 4 kasyam 
rnam || gatakalabdabhajaka 1500 amsadiphalam guruh rnam || bhagana | 3 | 5 
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| 48 rnam || “The vatika-increments of Jupiter; [its] longitudinal difference 0, 0, 4 
in Kasi, negative. The divisor of elapsed Kali-years [reading kalya for kala], 1500; 
correction [of] Jupiter in degrees etc., negative. The bhagana [?] 3, 5, 48, negative.” 


Mean longitude tables: Grahajnana 


Figure 4.7 shows the mean longitudinal displacement table for Jupiter from a 
manuscript of the mean-to-true table text Grahajridna by Asadhara (see Section 5.2). 
The mean longitude increments corresponding to successive multiples of years are 
tabulated as shown in Table 4.6, where the mean longitude increment is given not in 
signs, degrees, minutes, and so on, but in units of naksatras (13°;20). 


Epoch mean longitude: —3, 6;48,36,0 in 13°;20 arc-units. 


Paratext. The table heading reads simply brhaspati “Jupiter,” repeated in the table 
footer. The first table column, labelled ko (presumably kosthaka) gives abbreviations 
for each of the units of the numerical data: na- pam., ghati, pala, aksa, vyaksa. These 
appear to denote naksatra-pankti “naksatra-arc-units” and the successive fractional 


Fig. 4.7 Mean longitudinal displacement tables for Jupiter in the Grahajidna (RAS Tod 36c f. 4r). 


Table 4.6 Characteristics of the mean longitudinal displacement tables for Jupiter in the Graha- 
jfiana (Figure 4.7) measured in 13°;20 arc-units. 


Argument range Time-unit f AA, (in 13°;20 arc-units) 
LD paces D Years 2, 16, 34, 58, 18 
10, 20, ..., 90 Years 22, 45, 49, 43, 0 
100, 200, ..., 900 Years 11, 38, 17, 10,0 


1000, 2000, ..., 10000 Years 8, 22,51, 40,0 
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powers of the 13°;20 arc-unit. The following two columns are headed ksepa “epoch 
longitude” and bia. 

Paratext running through the center of the table reads atha sri asadhare 
brahmapakse eka ‘dau ayutaparyata ksepakabijasamskaravind  gurukosta 
varsabhoga dhanam || “Now [in the work of] Sri Asadhara in the Brahmapaksa: 
[from] one [year] in the beginning to ten thousand at the end, the annual-increment 
table entries for Jupiter without the epoch mean position and bija correction, 
[applied] positively.” 


Mean longitude tables: Mahdadevi 


Figure 4.8 gives another example of a mean longitudinal displacement table in 
the mean-to-true format from a manuscript of the Mahddevi of Mahadeva (see 
Section 5.4). The mean longitude increments corresponding to successive multiples 
of each time-unit are shown in Table 4.7 where the mean longitude increment A), 
per given time-unit f is measured in 6° arc-units. Each subtable is titled eka “one,” 
daSsaka “ten,” and sata “hundred,” respectively. 


Epoch mean longitude: 0, 23, 22, 20, 0,56 in 6° arc-units. This value is added 
as a one-time offset in entry 0 of the table of single years. Consequently, mean 
longitude calculations for any date computing using single years will automatically 
include the epoch mean longitude offset. However, the 10-year period and 100-year 
periods do not have the epoch mean longitudinal offset included in them. If a date 
computation does not involve single years, the epoch mean longitude offset must be 
included in the calculation. 
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Fig. 4.8 Mean longitudinal displacement tables for Jupiter in the Mahddevi (BORI 497 f. 8v). 


Table 4.7 Characteristics of the mean longitudinal displacement tables for Jupiter in the Mahddevi 
(Figure 4.8) measured in 6° arc-units. 


Argument range Time-unit f Aj, (in 6° arc-units) 
1,2,...,9 Single years 5,3, 31,5,7 
1,2,...,9 10-year periods 50, 35, 10, 51, 10 


1,2,.0645.9 100-year periods 25,51, 48, 31, 40 
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Paratext. The table heading reads guro kosthaka saksepa sabija “Tables of Jupiter 
with the epoch mean longitude (ksepa) and with the bija-correction.” 


4.2 True longitudes and velocities 


Almost all kosthaka works include some tables for converting mean motions to 
true ones, for sun and moon alone in the case of the various luni-solar table 
texts, or else for all the planets. The form of such tables depends on the work’s 
basic structure, as described in Section 2.3.2. “Mean-with-equation” tables provide 
additive corrections to mean positions and velocities based on the algorithms 
discussed in Sections 2.1.2 and 2.1.3. 


4.2.1 Correcting longitude and velocity for manda-inequality 
Manda-correction tables: Brahmatulyasaranit 


Figure 4.9 shows the table of the sun’s manda-equation and velocity correction or 
gatiphala from a manuscript of the Brahmatulyasdrani. See Montelle and Plofker 
(2015) for more details on the following description of its content. 


Argument: 1 to 90° of manda-anomaly xy. 


Table entries. The table contains the following three rows: 


Row 1: Degrees, arcminutes and arcseconds of manda-equation. 


aes e hee 


a 


Fig. 4.9 Solar manda-equation table from the Brahmatulyasdarani (Smith Indic 45 f. 6v). 
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Row 2: Differences between successive entries in Row 1. 
Row 3: Velocity correction due to the manda-equation, in arcminutes and arcseconds. 


Maximum manda-equation: 2°;10,54. 
Method of computation. 


Row 1. The entries for the manda-equation are based on the Karanakutiihala approx- 
imation for jz discussed in Section 5.3.1. The data in the table in Figure 4.9 reveal 
that the table compiler has computed the solar manda-equation according to this 
algorithm for every integer multiple of 10° of argument. This mimics the structure of 
the Karanakutihala’s R sin table (see Table 5.3), which similarly gives function values 
only for integer multiples of 10° of arc. Intermediate values have evidently been found 
by linear interpolation, as indicated by the entries in the differences row, which are 
constant for each 10° block. 


Row 3. For the velocity correction due to the manda-anomaly or gatiphala A v, the 
table compiler apparently employed the Karanakutithala’s gatiphala formula likewise 
discussed in Section 5.3.1. The tabulated values in row 3 of the table in Figure 4.9 
agree with the gatiphala numbers reconstructed in column 5 of Table 5.3, truncated at 
arcseconds. 


Paratext. The table heading reads mandaphalam adho ’ntaram tadadho gati- 
phalam || ravimandaphalani || adho gatiphalam || ravimandoccam 2 | 18 | 0 | 0 
kendravasdad dhanarnam || “The manda-equation, below [it] the difference, below it 
the velocity correction. The solar manda-equations. Below, the velocity correction. 
The solar apogee is 2°, 18°; 0,0. According to the anomaly [it is to be applied] 
positively or negatively.” 


We have not translated the note in a Sanskrit-related vernacular in the left margin. 


Manda-correction tables: Grahalaghavasarini 


Figure 4.10 shows a table of the sun’s manda-equation and gatiphala, for each 
degree, from a manuscript of the Grahalaghavasarini (compare the scaled values 
in Table 5.8). 


Argument: 1 to 90° of manda-anomaly ky. 


Table entries. The table contains the following two rows: 


Row 1: Degrees, arcminutes and arcseconds of manda-equation. 
Row 2: Velocity correction due to the manda-equation, in arcminutes and arcseconds. 


Maximum manda-equation: 2°;10,45. 


Paratext. The table heading reads siiryamandaphalam suryamandoccam 2 | 18 | 0 
| 0 “Manda-correction of the sun. Solar manda-apogee [longitude] 2°, 18°;0,0.” 

Figure 4.11 shows a differently constructed manda-correction table for the sun 
in another version of the Grahalaghavasarint. 
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Fig. 4.10 Solar manda-correction table from the Grahalaghavasarini (Plofker 26 f. 5v). 


Fig. 4.11 Solar 
manda-correction table from 
another version of the 
Grahalaghavasarini (Smith 
Indic 26 f. 3r). See ——_— oe oo 
Section 3.2.1 for a discussion 
of the vertical strokes used in 
some of the cells as rounded 
fractions. 
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Argument: 0 to 18 five-degree increments (corresponding to 0-90°) of manda- 
anomaly ky. 


Table entries. The table contains the following five rows: 


Row 1: Degrees, arcminutes and arcseconds of manda-equation. 

Row 2:  One-fifth of the difference between the corresponding and next entries in Row | 
(equivalent to the increment in manda-equation between successive individual degrees 
of anomaly). 

Row 3: Velocity correction due to the manda-equation, in arcminutes and arcseconds. 

Row 4: Approximately one-fifth of the difference between the corresponding and next 
entries in Row 3 (apparently intended to be equivalent to the increment in manda 
velocity-correction between successive individual degrees of anomaly; but the compu- 
tations are inconsistent). 

Row 5: Correction to the moon’s position due to solar bhujdntara or equation of time 
component due to sun’s manda-equation (see below). 


Maximum manda-equation: 2°;10,45.+ 


Method of computation. The manda-equation values and the differences and 
velocity correction derived from them appear to be produced by the same algorithm 
used to generate the table in Figure 4.10. The table’s last row, the so-called 
bhujaphala of the moon (not to be confused with the trigonometric bhujaphala 
described in Figure 2.2), is a correction to the moon’s position based on the 
time discrepancy corresponding to the difference between the sun’s mean and 
manda-corrected true positions. This difference is equivalent to the bhujdntara 
component of the equation of time (see Section 2.1.5). The table compiler seems 
to have employed a rough approximation to the algorithm for this quantity stated in 
Grahalaghava 2.7, where the lunar bhujaphala is the solar mandaphala divided by 
27: 


Paratext. The table heading reads ravi camdra uca mamdaphala gatiphala bhu- 
japhala ’mtaram “Sun, Moon, apogee, manda-equation, velocity-correction, bhuja- 
phala [i.e., bhujantara, and] differences.” 

The header for Row 5 reads bhujaphala camdrasya “bhujaphala of the moon.” 
The empty column at the end of the table contains in the argument row /a (for lavah, 
“degrees [of anomaly]’’?). In the cells beneath it are ravimam u 2 | 18 “Sun’s manda- 
apogee 2°18°,” me dha (presumably for mesdadi dhana “positive [manda-equation 
when anomaly is in the six signs] beginning with Aries”), tu X (presumably for 
tuladi rna “negative [manda-equation when anomaly is in the six signs] beginning 
with Libra’). 

Figure 4.12 shows an excerpt for Jupiter from the same Grahalaghavasarini 
manuscript’s table of manda-equation and gatiphala. 


4 Although this appears to read 2 14 45, an overwritten correction by the scribe suggests it should 
be read as 2 10 45. 
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Fig. 4.12 Excerpt for Jupiter 
from the manda-correction 
table in the second version of 
the Grahalaghavasarinit 
(Smith Indic 26 f. 3v). 


Argument: 0 to 5 fifteen-degree increments (corresponding to 0-75°) of manda- 
anomaly xy. (The scribe appears to have omitted the final column for the argument 
interval 75—90°.) 


Table entries. The table contains the following three rows: 


Row 1: Degrees, arcminutes and arcseconds of manda-equation. 

Row 2: A fifteenth part of the difference between the corresponding and next entries in 
Row | (equivalent to the increment in manda-equation between successive individual 
degrees of anomaly). 

Row 3: Velocity correction due to the manda-equation, in arcminutes and arcseconds. 


Method of computation. The manda-corrections employed here are borrowed 
from the verse table of pre-computed scaled manda-equation values in the Graha- 
laghava (Jost 1994, p. 79, verses 3.7—8) (see Table 5.8). 


4.2.2 Correcting longitude and velocity for sighra-inequality 
Sighra-correction tables: Brahmatulyasarani 


Figure 4.13 shows excerpts from the sighra-equation tables from a manuscript of 
the Brahmatulyasdrani, for Jupiter and Mercury. 


Argument: | to 180° of sighra-anomaly ks. 


Table entries. The tables each contain the following three rows: 


Row 1: Degrees, arcminutes and arcseconds of sfighra-equation. 

Row 2: Differences between successive entries in Row 1. 

Row 3: Szghra-hypotenuse Hs: decimal integer and sexagesimal fractional (to two 
places). 


Maximum sighra-equation. 


Jupiter: = 10°;59,1 at argument value 100°. 
Mercury:  21°;36,58 at argument value 110°. 
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Fig. 4.13 Excerpt from stghra-equation tables from the Brahmatulyasdrani (Smith Indic 45). Top: 
Jupiter, arguments 61-120 (f. 13r). Bottom: Mercury, arguments 61-120 (f. 11r). 
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Method of computation. Reconstruction of these tabulated values using the 
trigonometric formulas for Hs and o described in Section 2.1.3, with the Kara- 
nakutihala’s R sin table reproduced in Table 5.3, agrees with the attested entries to 
within a few arcseconds. So we infer that the table compiler used more or less the 
same procedure that we have described to determine the sfghra-equation. 

Note that there is no table row for the sighra-gatiphala or velocity correction due 
to the stghra. Instead, the author of the Brahmatulyasdrani simply prescribes adding 
to the manda-corrected mean velocity vj the product of the sighra-anomaly veloc- 
ity and the appropriate stghra-equation difference from Row 2; see the discussion 
of this approximation in Section 2.1.3 and Montelle and Plofker (2015, p. 23). 
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Paratext. The table headings read as follows: 


Jupiter: = gurusighraphaldanih “Jupiter’s sighra-equations.” 
Mercury: = budhasighraphalanih “Mercury’s stghra-equations.” 


Sighra-correction tables: Grahalaghavasarini 
The sighra-corrections employed by various versions of the Grahaldghavasarini are 
borrowed from the verse table of pre-computed scaled stghra-equation values in the 
Grahalaghava, see Section 5.6.1, particularly Tables 5.9 and 5.10. 

Figure 4.14 shows an excerpt for Jupiter and Venus from the table of stghra- 


equations and corresponding velocity corrections from a manuscript of the Graha- 
ldaghavasarint. 


Argument: 0 to 11 fifteen-degree increments (corresponding to 0O-180°) of stghra- 
anomaly ks. 


Table entries. The following three rows are tabulated separately for Jupiter and for 
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Fig. 4.14 Sighra-correction tables from the Grahalaghavasarini (Smith Indic 26 f. 4v: Jupiter, top 
three rows, and Venus, bottom three rows). 
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Fig. 4.15 Excerpt from the sighra-equation table from a second version of the Grahalaghava- 
sdrini (Plofker 26 f. 11v, Jupiter), for arguments 91-180. 


Row 1: Degrees, arcminutes and arcseconds of sfighra-equation. 
Row 2:  One-fifteenth of the difference between the corresponding and next entries in 
Row 1 (equivalent to the increment in sighra-equation between successive individual 


degrees of anomaly). 
Row 3: Velocity correction due to the sighra-equation, in arcminutes and arcseconds. 


Maximum sighra-equation. 


Jupiter: —10°;48,0 at argument value 7 (= 105°). 
Venus: 46°;6,0 at argument value 9 (= 135°). 


Paratext. The table heading reads sighrakemdra da adhikam tada 12 sodhyam 
“The sighra-anomaly [? when] greater [than 180°], then subtracted from 12 
[zodiacal signs, i.e., 360°].” The header of the argument row reads rasi “quantity” 
(note the ambiguity of using this standard term for 30° zodiacal sign to mean a 15° 
arc). 

Figure 4.15 illustrates a different form of stghra-correction table for Jupiter from 
another version of the Grahalaghavasarini. 


Argument: 0 to 180° of sighra-anomaly xs. 
Table entries. 


Row 1: Degrees, arcminutes and arcseconds of sfighra-equation. 
Row 2: Velocity correction due to the sighra-equation, in arcminutes and arcseconds. 


Maximum sighra-equation: 10°;48,0 at argument value 105°. 


Method of computation: The sighra-equation and gatiphala table entries for 
integer multiples of 15° of argument are borrowed from the Grahalaghava’s list. 
Intervening values are computed by linear interpolation in the case of the sighra- 
equation and by simple repetition for the velocity correction. 


Paratext. The table heading reads gurusighraphalam “Jupiter’s sighra-equation.” 
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4.2.3 True longitude and velocity in mean-to-true table texts 


As discussed in Section 2.3.2, table texts of the “mean-to-true” variety tabulate 
values of the desired true longitude and velocity directly, instead of supplying 
tables of phalas or additive corrections/equations to mean longitude and velocity. 
Figure 4.16 shows tables of true longitude and velocity for the first three 6° mean 
longitude intervals of Mars from a manuscript of the Mahddevi. The following 
description applies to each of these individual tables. 


Argument: 1 to 27 avadhis of mean solar longitude. 


Table entries. Each table contains the following five rows: 


Row 1: 6° arc-units (sexagesimal integer and fractional to two places) of true longitude. 

Row 2: Differences between entries in Row | and the corresponding entries in Row | of 
the next table. 

Row 3: —Arcminutes and arcseconds of true daily velocity. 

Row 4: Differences between entries in Row 3 and the corresponding entries in Row 3 of 
the next table. 

Row 5: Positive or negative integer “divisor” whose purpose is still unclear to us. 


Occurrences of synodic phenomena (see Section 4.3) are noted beneath the table 
column of the avadhi in which they fall. 


Paratext. Each table heading reads bhaumaghati “Mars, mean longitude interval” 
followed by the table number. A note in the top margin reads sri gurur jayati “The 
revered Guru is victorious.” 


4.2.4 True longitude and velocity in cyclic table texts 


Like mean-to-true table texts, cyclic ones tabulate true longitude and velocity 
directly, assigning one table per year of the planet’s cycle. Figure 4.17 shows tables 
of true longitude and velocity for the first three year-intervals of Mars from a 
manuscript of the Jagadbhiisana. The following description applies to each of these 
individual tables. 


Argument: 1 to 27 avadhis of mean solar longitude. 


Table entries: Each table contains the following two rows: 


Row1: Zodiacal signs, degrees, arcminutes and arcseconds of true longitude. 
Row 2: —Arcminutes and arcseconds of true daily velocity. 


Occurrences of synodic phenomena (see Section 4.3) are noted in the right margin 
of the table in which they fall. 


Paratext. The table heading reads jagadbhisane 1560 bhaumah spastapamktayo 
likhyamte bhaume cakrabhrame kala 35 dhanam grahya “In the Jagadbhisana, 
[Saka] 1560, Mars: the tables of true [longitude and velocity] are written. In the 
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Fig. 4.16 Excerpt from the tables of true longitude and velocity for Mars from the Mahddevi (RAS 
Tod 24 f. 3v), for mean longitude intervals 0 (top left), 1 (right), and 2 (bottom left). 


4.2 True longitudes and velocities 


Fig. 4.17 Excerpt from the 
tables of true longitude and 
velocity for Mars from the 
Jagadbhiisana (RORI 20253 
f. Ir), for years 0-2. 
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Table 4.8 Planetary cycle 


Planet Cyclic period (years) | Remainder (') 
data from the Jagadbhiisana: 
periods of revolution in true Nas 9 +35 
longitude (years) and Mercury 46 
excess/deficiency in longitude Jupiter 83 —40 
over integer revolutions Venus 227 
(arcminutes). Saturn 59 +40 

Lunar node | 93 —25;44 


turning of a cycle in the case of Mars, 35 minutes [excess longitude], positive, [are] 
obtained.” 

A note above the heading reads hinah sakaih “diminished by the [accumulated] 
Saka [years].” A list of planetary cycle values in the upper left (see Table 4.8) reads 
mam 79 ka 35 dha bu 46 br 83 ka 40 r §u 227 §a 59 ka 40 dha ra 93 kala 25 44 X. 


4.3 Synodic phenomena of planets 


Mean-to-true table texts often include occurrences of retrogradation, heliacal rising, 
etc. (see Section 2.1.4), in tables of planetary true longitude, especially for the 
purpose of horoscope computations. Sometimes they merely tabulate the standard 
values of the stghra-anomaly (i.e., the synodic elongation or distance between the 
planet and the sun, see Section 2.1.3) at which the various phenomena occur. 


Synodic phenomena: Laghukhecarasiddhi 


Figure 4.18 shows a table of the abovementioned standard synodic-elongation 
values (with occasional scribal errors) from a manuscript of the Laghukhecarasiddhi 
of Sridhara. The entries are in zodiacal signs and degrees with zero values for 
arcminutes and arcseconds. 


Synodic phenomena: Jagadbhisana 


Figure 4.19 shows occurrences of synodic phenomena for Jupiter and Mercury in 
manuscripts of the Jagadbhisana of Haridatta (see also Figure 4.17 and Table 5.15.) 
Each row lists true positions and velocities for avadhis 1—27 of the specified year or 
years. 

The manuscript image on the left side shows the synodic phenomena for Jupiter 
at the end of the page, as the day and ghati within the specified avadhi that the 
specified phenomenon occurs. Thus the entry column for the first occurrence reads 
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Fig. 4.18 Signs and degrees of synodic elongation for synodic phenomena of Mars, Mercury, 
Jupiter, and Venus (left), and of Saturn (right), from the Laghukhecarasiddhi of Sridhara (IO 2408b 
ff. 8v—9r). 


’ § [for ’vadhi, i.e., avadhi, number 8] ’ 9;36 [for ’sta or asta, acronycal setting, 
day 9, ghati 36]. The subsequent phenomena are denoted in succession by u (uda- 
ya, heliacal rising), va (vakra, first station), and ma (marga, second station) before 
returning to ’ for asta. 

In the manuscript on the right, the entry with the day and time for each occurrence 
for Mercury is inserted under the column for the appropriate avadhi. But the 
sequence of abbreviations is ’ pa (asta-paSscima, last visibility in west), ma (mdarga, 
second station), u pit (udaya-purva, first visibility in east), ’ pi (asta-purva, last 
visibility in east), u pa (udaya-pascima, first visibility in west), va (vakra, first 
station), and so on through the cycle again. We have not yet satisfactorily explained 
the divergence of this ordering from the expected chronological sequence of synodic 
phenomena described in Section 2.1.4. 


4.4 Terrestrial latitude and longitude 


Tables or lists of terrestrial longitude and/or latitude data for identified localities (see 
Section 2.1.5) are not included frequently or systematically in Sanskrit kosthakas. 
They appear to have been constructed as a form of auxiliary reference materials 
whose corpus still remains largely unexplored (Pingree 1996b). The following 
examples illustrate some variants of the structure and appearance of latitude tables. 
Terrestrial longitude data, as far as we are currently aware, is confined to occasional 
lists of desdntara values (see Section 2.1.5). 


Terrestrial latitude tables: Grahanasaranit 


Figure 4.20 shows a table from a manuscript of an anonymous Grahanasarani 
relating digits of the noon equinoctial shadow sg cast by a 12-digit gnomon to 
degrees of terrestrial latitude ¢. 
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Fig. 4.19 Synodic phenomena occurrences in the Jagadbhiisana of Haridatta: for Jupiter (left, 
LDI 5545 f. 32v) at the right end of the page; for Mercury (bottom, RAS Tod 59 f. 27r) inserted 


beneath appropriate columns. 
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Fig. 4.20 Conversion table 
from digits of noon 
equinoctial shadow length to 
degrees of terrestrial latitude, 
from a Grahanasdarani 
(Plofker 58 f. 6r). 
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Argument: 1 to 20 digits of noon equinoctial shadow length. 


Table entries. The entries in degrees, arcminutes and arcseconds increase mono- 
tonically from @ = 4°;54,1 for so = 1 digit to ¢ = 60°;0,40 for so = 20 digits. 
These values depend ultimately on the relation 


So = 12tang 


described in Section 2.1.5. Although the tabulated values approximately agree with 
reconstructed values computed using the modern arctangent function, it is not 
clear exactly what algorithm was used by the table compiler to produce them. 
For example, obviously the trigonometrically exact @ value for a 12-digit noon 
equinoctial shadow cast by a 12-digit gnomon ought to be 45°;0, whereas the table 
lists 45°;37,0. 


Paratext. The table heading reads aksamsah daksinadiksthah “Degrees of terres- 
trial latitude [with argument digits of noon equinoctial shadow] standing in the 
southern direction.” 


4.5 Ascensions and ascendant 


Tables of ascension values (see Section 2.1.5) are a standard feature in the spherical 
astronomy sections of Islamic zijes (Kennedy 1956, p. 140), but not in Sanskrit 
kosthaka works. Instead, the various functions that incorporate ascension are usually 
tabulated individually. When right and/or oblique ascension is given its own table, it 
is often for the purpose of calculating parallax (Section 4.8.6) or information about 
horoscopes. 
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Fig. 4.21 Ascension values excerpted from manuscripts of a commentary on the Karanakutihala, 
top to bottom: BORI 386 f. 14r, Jodhpur Fort 771 f. 15r, Leipzig 969 f. 12r, RORI 24027 f. 12r. 


Ascension tables in karana manuscripts: Karanakutihala 


The three standard values of right ascension for zodiacal signs (see Section 2.1.5) 
sometimes appear in a numerical grid inserted in the text in manuscripts of 
verse treatises or handbooks. Figure 4.21 shows a more precise form of these 
ascension values written out in tabular form in manuscripts of a fourteenth-century 
commentary on the Karanakutihala (Mishra 1991). All the manuscripts include 
right ascensions and their successive differences for either six or twelve zodiacal 
signs; the last two images also contain a table of the corresponding oblique 
ascensions for the commentator’s locality, a place called Mahadanagara (latitude 
18°). 


Ascension tables: Grahalaghavasarini 


Figure 4.22 shows a set of ascension tables stacked vertically in a manuscript of the 
Grahalaghavasarini. The top row numbering the zodiacal signs from 0 to 11 is the 
argument for all the tables. Immediately beneath it is the table of right ascensions, 
and below that are tables of oblique ascensions for various localities. Samples of 
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Fig. 4.22 Ascension tables from the Grahalaghavasarini (Smith Indic 26 f. 5r). 
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Table 4.9 Right ascensions and related quantities recomputed from the Grahalaghava- 
sdrini (Fig. 4.22). The columns in boldface reproduce the corresponding table rows in the 
manuscript. 


Aq per oA 
Sign (8) Q&) Aa's) Aq) (vi) (vi/60) 
0 0;0 0 4:38 278 9316 556 
1 4:38 278 4:59 299 9:58 598 
2 9;37 577 5:23 323 10;46 646 
3 15;0 900 5:23 323 10;46 646 
4 20;23 1223 4:59 299 9:58 598 
5 25322 1522 4:38 278 9316 556 
6 30:0 1800 4:38 278 9316 556 
7 34;38 2078 4:59 299 9:58 598 
8 39;37 2377 5:23 323 10;46 646 
9 45:0 2700 5;23 323 10;46 646 
10 50;23 3023 4:59 299 9:58 598 
11 55322 3322 4:38 278 9316 556 


Table 4.10 Oblique ascensions and related quantities for Gujarat recomputed from the 
Grahalaghavasarint (Fig. 4.22). The columns in boldface reproduce the corresponding 
table rows in the manuscript. 


Aa— | Ap'%/6) per oa 
Sien |p) |p) | Ape) | Ap) | Ag) | Apo) | ed (vi /60) 
0 0;0 0 [3:44 | 224 278 54 |7;28 | 448 
1 3:44 224 «4:16. 256~—— 299 43 |832 512 
2 8:0 480 5:5 305 323 18 |10;10 610 
3 1355 | 785 5:41 341 323 —18 | 11;22 | 682 
4 18:46 1126 5:42 342.—S— 299 —43 | 11;24 | 684 
5 24:28 | 1468 (5:32 |332 (| 278 54 | 11:4 | 664 
6 30;0 | 1800 (5:32 |332 | 278 54 |11;8 | 664 
7 35:32 2132 5:42 «| 342~—S 299 —43 | 11;24 | 684 
8 41:14 2474 5:41 ~~ 341 323 18 |11;22 | 682 
9 46;55 2815 5:5 305 323 18 |10;10 610 
10 5230 3120 4:16. =| 256~—— 299 43 |832 512 
11 | 56;16 | 3376 (3:44 «|224~—s/278 54 |7;28 | 448 


their reconstructed entries are shown in the bolded columns of Tables 4.9 and 
4.10. The last table reorders the same right ascensions for what is called the “tenth 
ascendant” (dasama lagna) or midheaven, i.e., the equatorial rising times for the 
zodiacal signs to traverse midheaven, beginning with the tenth sign (when the first 
sign is crossing the eastern horizon). 


Argument: 0 to 11 zodiacal signs of tropical longitude. 
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Table entries. Each table for a given locality contains the following three rows: 


Row 1 (dhruva “fixed’’): | Cumulative ascension, in sexagesimal integer and fractional 
ghatis, for the arc of the tropical ecliptic ending at the start of the corresponding zodiacal 
sign. 

Row 2 (gati “motion’’): Mean amount of ascension, in sexagesimal integer and frac- 
tional vighatis, per degree of the corresponding zodiacal sign (or equivalently, differ- 
ences between successive Row | entries divided by 30). 

Row 3 (bhajaka “divisor”): | Row 2 entries converted to decimal (i.e., mean amount of 
ascension, in integer sixtieths of a vighati, per degree of the corresponding zodiacal 
sign). 


The recomputed values in Table 4.10 indicate that the ascensional differences 
between right and oblique ascension were computed as usual by applying the 
prescribed scale factors of 10, 8, and 10/3 to the noon equinoctial shadow. 


Localities. Lanka, GirjaradeSa (Gujarat), Patanapura (Pattan), Sthambhatirtha 
(Khambat/Cambay), and Amadavada (Ahmadabad) (Pingree 1968, p. 70). These 
ascensions imply approximate latitudes for the last four localities of 24;14, 23;50, 
21;48, and 23;2 degrees, respectively. 


Paratext. The table heading reads yasmin tasmin dese daSamalagnam “the tenth 
ascendant in whatever locality.” 


Ascension tables: Karanakesari 


Figure 4.23 shows excerpts from tables of oblique ascension at latitude approxi- 
mately 22°;36 in a manuscript of the Karanakesari (Montelle and Plofker 2013; 
Misra et al. 2016). Values of p are tabulated separately for integer degrees of tropical 
longitude and for integer minutes within a given degree. 


Argument. 


Degrees table: 0°, 0° to 11°, 29° of tropical ecliptic longitude. The argument is split 
between the vertical axis (zodiacal signs from 0/Aries to 11/Pisces) and the horizontal 
axis (degrees in each zodiacal sign from 0 to 29). 

Minutes tables: 1 to 60 minutes within a single degree of tropical ecliptic longitude. 


Table entries. 


Degrees table: The entries are sexagesimal integer and fractional (to two places) ghatis. 
The values for the beginning of each tropical zodiacal sign (reproduced in boldface 
in Table 4.11) were apparently produced using ascensional-difference values computed 
by applying to a noon equinoctial shadow of 5 digits the scalar multipliers 10, 8, and 
10/3 described in Section 2.1.5. The intermediate entries have been computed by linear 
interpolation (with common difference one-thirtieth of the rising time Ap for the given 
zodiacal sign). 

Minutes tables: There is a separate table for every pair of tropical zodiacal signs 
that share the same rising time Ap: e.g., Aries and Pisces, Gemini and Aquarius, 
etc. The entries are sexagesimal integer and fractional (to two places) vighatis, with 
common difference equal to one-sixtieth of the p-increment for a single degree of the 
corresponding sign in the degrees table. 
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Fig. 4.23 Excerpts from tables of oblique ascensions in a manuscript of the Karanakesart (RORI 


12792). Left: Oblique ascensions for each degree of the first six tropical zodiacal signs (f. Sv). 
Right: Cumulative increments of oblique ascension for each successive minute of a degree in 


(tropical sign) Aries or Pisces (f. 6v). 
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Table 4.11 Oblique Sign p's) pe) | Ape) 

ascension values (in boldface) 0:0.0 0 0 

for tropical zodiacal signs hs 

from the Karanakesari (RORI 3;48,0 228 | 228 

12792 ff. Sv-6v), with their 8;7,0 487 | 259 

equivalents and successive 13313,0 | 793 | 306 
18;53,0 |1133 | 340 


differences in integer 
24;32,0 |1472 | 339 


sixtieths. 

30;0,0 (1800 | 328 
35328,0 (2128 | 328 
41;7,0 (2467 | 339 
46;47,0 |2807 | 340 
10 51;53,0 (3113 | 306 
11 563;12,0 (3372 | 259 


CoOrtianewne ol 


Locality. The values of ascensional difference used to construct the table imply 
that the latitude ¢ is approximately 22°; 36, but no locality is explicitly identified. 


Paratext. The table heading reads tatra tavat prathamam sdyanaraviradSyamso- 
parilagnam karaniyam sayanaravirasyoparilagnakosthakah “Then because the first 
ascendant (/agna) [with its] above [argument] signs and degrees of precession- 
increased solar [longitude] is to be determined, [here are] the tabular values of 
ascension/ascendant (/agna) [with its] above [argument] signs [etc.] of precession- 
increased solar [longitude].” 


Ascension tables: Lagnasarani 


Figure 4.24 shows a table of cumulative oblique ascensions from a manuscript of an 
otherwise unknown work entitled Lagnasarani. 


Argument: 0°, 0° to 11°, 29° of sidereal ecliptic longitude. The argument is 
split between the vertical axis (zodiacal signs from 0/Aries to 11/Pisces) and the 
horizontal axis (degrees in each zodiacal sign from 0 to 29). 


Table entries: Sexagesimal integer and fractional ghatis. The zero value occurs at 
argument value 11/Pisces 9° rather than at 0/Aries 0°, suggesting that the argument 
is sidereal rather than tropical ecliptic longitude. This 21° difference between the 
vernal equinox and sidereal Aries 0° indicates a date of 1783 CE for the table’s 
construction.> The ascensional differences of 61, 49, and 20 vighatis evidently used 
to create the table seem more or less consistent with the results of multiplying the 
standard factors 10, 8, and 10/3 by a noon equinoctial shadow of approximately 


5Using the standard Indian rule of one arcminute of precession per year, 21° corresponds to an 
interval of 1260 years since the canonical precession zero-point of 523 CE. See Pingree (1972) 
and compare the tables described in Pingree (1968, pp. 31-32). 
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Fig. 4.24 Oblique ascensions in a Lagnasarani (Plofker 32 f. 1r). 


6;6 digits. The individual tabulated values were possibly all computed trigono- 
metrically, as they do not exhibit the constant differences associated with linear 
interpolation. 


Locality. The reconstructed noon equinoctial shadow of 6;6 digits or thereabouts 
implies a latitude of approximately 27°, but no locality is explicitly identified. 


Paratext. The part of the page containing the table heading is somewhat broken but 
the heading text can be approximately reconstructed as follows: [lami]kodayah [me] 
278 [vr] 299 mi 323 ka 323 si 299 ka 278 lagnasaran{it x x] mabdam svadestyah 
me 237 vr 250 mi 303 ka 343 si 348 [ka] 339 “Risings at Lanka: Aries 278, Taurus 
299, Gemini 323, Cancer 323, Leo 299, Virgo 278. Ascension table [...] year [?] 
[ascensions at one’s] own locality: Aries 237 [error for 217], Taurus 250, Gemini 
303, Cancer 343, Leo 348, Virgo 339.” 


Ascension tables: Bhaugolikajyotisa 


Figure 4.25 shows a set of tables of oblique ascensions in vighatis for a number of 
Indian localities from a manuscript of an otherwise unknown work entitled Bhau- 
golikajyotisa. 


Table entries. There are 24 simple tables or lists, each containing oblique ascen- 
sion values in integer vighatis for the first six zodiacal signs for the latitude of the 
associated locality/ies. 


Localities. The named localities are reproduced in order with their modern iden- 
tifications (where possible), ascensional differences w , w2, w3 derived from the 
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Fig. 4.25 Oblique ascensions for zodiacal signs at various localities, from a Bhaugolikajyotisa 
manuscript (SRCMI 120.i.335 f. Ir). 


Table 4.12 Localities included in the oblique ascension tables of the Bhaugolikajyotisa (SRCMI 
120.1.335 f. lr) with tabulated ascensional differences @;, w2, w3 in vighatis and reconstructed 
approximate latitudes @. 


Locality @1,@2,03 (°) | Locality @1,@2,03 &(°) 
Ujjain 50, 40,17 23 Jodhpur 58,47,19 26 
Lanka 0, 0, 0 0 Bikaner 60, 48,20 26% 
Merta (Medato) 59,47,19 26 Pali (Pali) 58,49,19 25% 
Jetpur (Jetarana) 57,45,19 25 Multan 63,50,21 27% 
Allahabad (Pragpur), Sojata [?] 57,46,19 25% | Chittorgarh (Citoda) 55,44,18 24% 
Agra, Bikaner, Ajmer 60, 48,20 26% | Delhi (Dilli) 64,52,17 28 
Udaipur 53,43,18 24 Agra 60, 48,20 26% 
Naradapumam [?] 57, 46,19 25% | Lahore 45,36,15 20 
Jalore (Jalora) 56, 45,18 25 Mummai [Mumbai?] 41,36,14 19 
Bhinmal (Bhinamala) 56,45,19 25 Jaipur 60, 47,20 26% 
Sanchore (Sacora) 56,45,19 25 Delhi (Dill) 65,52,21 28 
Sirohi 55,44,18 24% | Kashmir 87, 64,28 34 


tabulated ascensions, and reconstructed approximate latitudes @ (to the nearest half- 
degree) in Table 4.12. 

The recomputed latitudes are only approximate because we do not know exactly 
what value of the noon equinoctial shadow length or what degree of precision 
the scribe employed for any locality to produce its tabulated ascension values. 
Nonetheless, this reconstruction allows us to detect not only occasional scribal 
errors in the numbers but also some more puzzling anomalies. For example, why 
is Delhi listed twice with two slightly different sets of ascensions, and why do 
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the ascensions for Lahore, presumably meaning the city of that name in modern 
Pakistan, correspond to a latitude of only 20°? 


Ascension tables: Works of Nityananda 
Siddhantasindhu 


The 1628 Siddhdntasindhu of Nityananda (see Section 6.1.2) is a Sanskrit recension 
of the Indo-Islamic Z7j-i Shah Jahdani, so its table structure is characteristic of 
Islamic zijes. Figure 4.26 shows an excerpt from a table of right ascensions in a 
manuscript of the Siddhantasindhu. 


Argument. 


Degrees table: 0°, 0° to 11°, 29° of tropical ecliptic longitude. The argument is split 
between the vertical axis (zodiacal signs from 0/Aries to 11/Pisces) and the horizontal 
axis (degrees in each zodiacal sign from 0 to 29). 

Minutes table: — 1 to 59 minutes within a single degree of tropical ecliptic longitude in 
each zodiacal sign. The argument is split between the vertical axis (1 to 59 arcminutes 
of a single degree) and the horizontal axis (degrees in each zodiacal sign from 0 to 29, 
read right to left for signs in a quadrant beginning with an equinox or left to right for 
signs in a quadrant beginning with a solstice). 


Table entries. 


Degrees tables. 
Row1: ‘Time-degrees (rather than ghatis) of cumulative right ascension: decimal 
integer and sexagesimal fractional (to three places). 
Row 2: Differences between successive entries in Row 1. 
Minutes tables. The entries are sexagesimal integer and fractional (to three places) time- 
degrees of cumulative right ascension for each arcminute of each single degree of a 
zodiacal sign. 


An accompanying table contains the same right ascensions data beginning with 
the value for Capricorn 0° rather than Aries 0°. The Siddhdantasindhu also tabulates 
cumulative oblique ascension values and their successive differences for each degree 
of tropical longitude for the latitudes of Samarqand (¢ = 39°;37,23), Argalapura 
(Agra, @ = 26°;43), and Labhapura (Lahore, @ = 31°;50), as well as for each 
successive degree of terrestrial latitude from @ = 1° to 88°. 


Paratext. The minutes-table heading shown in Figure 4.26 reads lamkodayasdadha- 
nartham Ssesakalatah phalam “For the sake of determining right ascensions, result 
[with respect] to the remainder [in] arcminutes.” The corresponding degrees-table 
heading (f. 54v) reads lamkayam mesddisvodayamsah “Degrees of their own risings 
for Aries etc. at Lanka.”° 


®The structure and labelling of these tables are evidently strongly influenced by the corresponding 
tables in the work that served as the model for the Siddhdntasindhu, the Zij-i Shah Jahani. 
Similarities between manuscripts of the two works that we have consulted (MSS British Library 
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Fig. 4.26 Right ascensions for arcminutes 1-30 of degrees 0-29 for the signs Aries/Libra (read 
right to left) and Virgo/Pisces (read left to right), from the Siddhantasindhu of Nityananda (Jaipur 
Khasmohor 4962 f. 57v). 
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Fig. 4.27 Oblique ascensions for terrestrial latitude (approximately 28 ¥2 degrees) corresponding 
to a noon equinoctial shadow of 6;30 digits from the Amrtalahari of Nityananda (Tokyo MF13 
f. 44v). 


Amrtalahari 


Figure 4.27 shows an excerpt from a table of oblique ascensions from another work 
by Nityananda, the Amrtalahdri or Khetakrti, which employs a more traditional 
calendric kosthaka framework. This excerpt is part of a set of tables including 
right ascensions (counting the argument from Capricorn 0°) and oblique ascensions 
separately tabulated for values of noon equinoctial shadow length at half-digit 
intervals, from 4;30 to 8;30 digits or approximately 205 to 35 degrees of latitude 
(Pingree 2000, p. 217). 


Argument: 0°, 0° to 5°, 29° of tropical ecliptic longitude. The argument is split 
between the vertical axis (zodiacal signs from 0/Aries to 5/Virgo, but also applicable 
in reverse from 11/Pisces to 6/Libra, which are not explicitly mentioned) and the 
horizontal axis (degrees in each zodiacal sign from 0 to 29). 


Table entries: Sexagesimal integer and fractional (to two places) ghatis. The 
values for the beginning of each zodiacal sign were apparently produced by means 
of the standard ascensional-difference algorithm (i.e., noon equinoctial shadow 
multiplied by the factors 10, 8, and 10/3 to give w), w2, and 3, respectively). 
Intermediate values were computed by linear interpolation. 


Paratext. The table heading reads J aksabhd 6 |30 capikrtacarakhandaih svodayah 
“1. Latitude-shadow 6;30: [locality’s] own risings with ascensional differences 
converted to arcs.” 


OR 372 and Jaipur Khasmohor 4962) include the use of time-degrees rather than ghatis, the use of 
black ink for tabulated ascension values and red ink for their differences, and the ordering of pairs 
of zodiacal signs sharing the same table arguments. 
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4.6 Mean time correction functions 


See Section 2.1.5 for a discussion of the various corrections to mean time corre- 
sponding to differences between mean and true positions of the luminaries. 


Rising-difference tables: Brahmatulyasarani 


Figure 4.28 shows a table of solar and lunar rising-difference (udaydntara) (top row 
and bottom row, respectively) from a manuscript of the Brahmatulyasarani. 


Argument: 2 to 90° of doubled tropical solar longitude, for every other degree of 
argument (corresponding to 1—-45° of tropical solar longitude). 


Table entries. The table contains the following two rows: 


Row 1: —Arcseconds and arcthirds of solar rising-difference correction. 
Row 2: Arcminutes, arcseconds and arcthirds of lunar rising-difference correction. 


Maximum value. Sun: 24”;0. Moon: 5’;42,51. 


Method of computation. The table entries are derived by a procedure prescribed in 
Karanakutithala 2.16cd—17, in which the R sin of twice the mean tropical longitude 
of the sun and the moon is multiplied by 1/5 and 1/21, respectively. 


Paratext. The table heading reads atha ravicandrayor udayantaram kosthakah || 
dvighnam bhujamSsopari “Now, the tabular entries [of] the rising-difference for the 
sun and the moon. The above [argument is] doubled degrees of arc [of longitude].” 


Half-length of daylight tables: Karanakesari 


Figure 4.29 shows a table of half-length of daylight in ghatis (or equivalently 
fifteen ghatis plus or minus «@) for terrestrial latitude approximately 22°;36, from 
a manuscript of the Karanakesari. 


Argument: 0°, 0° to 11°, 29° of tropical ecliptic longitude. The argument is split 
between the vertical axis listing zodiacal signs in the unusual (and unexplained) 
order 1/Taurus to 11/Pisces followed by 0/Aries, and the horizontal axis listing 
degrees in each zodiacal sign from 0 to 29. 


Table entries. The entries in ghatis and vighatis increase from 15;50 at Taurus 0° 
(the beginning of the table) to a maximum of 16;47 at Cancer 0° and then decrease 
to a minimum of 13;13 at Capricorn 0°, before increasing again until the end of the 
table. The ratio of longest day to shortest day is thus 33;34 to 26;26, producing a 
maximum half-equation of daylight of 1;47 ghatis, which is equal to the sum of the 
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Fig. 4.28 Solar and lunar 
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4.6 Mean time correction functions 


Fig. 4.29 Table of half-length of daylight from the Karanakesari (RORI 12792 f. 5r). 
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three ascensional differences 50, 40, and 17 vighatis listed for Ujjain in Table 4.12. 
The entries between the beginnings of zodiacal signs appear to have been computed 
by truncating linearly interpolated values (Misra et al. 2016, pp. 24—25). 


Paratext. The table heading reads atha sayanaravirasyupari dyudalam “Now, the 
half[-length] of day [with its] above [argument] sign [and degree] of tropical solar 
[longitude].” 


Half-length of daylight tables: Siddhantasindhu 


Figure 4.30 shows three tables from a manuscript of the Siddhantasindhu, listing 
values of half-length of daylight in hours rather than ghatis at Samarqand, Agra, 
and Lahore, respectively. 


Argument: 0°, 0° to 11°, 29° of tropical ecliptic longitude. The argument is split 
between the vertical axis (zodiacal signs from 9/Capricorn to 2/Gemini on the left 
side and from 8/Sagittarius backwards to 3/Cancer on the right) and the horizontal 
axis (degrees in each zodiacal sign from 0 to 29). 


Table entries: Integer and sexagesimal fractional (to two places) hours. The ratios 
of longest to shortest day for Samarqand, Agra, and Lahore are 7;24,25/4;35,35, 
6;50,34/5;9,25, and 7;2,34/4;57,20, respectively. 


Paratext. The three table headings read, in order: 


¢ atha makaraditah samarakamde dinarddhahorah “Now, beginning with Capri- 
corn, the hours of half the day in Samarqand.” 

¢ argdlapure makarddito dindrddhahorah “In Agra the hours of half the day 
beginning with Capricorn.” 

¢ labhapure makaradito dindrddhahorah “Tn Lahore the hours of half the day 
beginning with Capricorn.” 


Time correction function tables: Jagadbhisana 


Figure 4.31 shows a table from a manuscript of the Jagadbhisana containing the 
four time correction components and the half-length of daylight, as well as other 
quantities enumerated in “Table entries” below. 


Argument: 1 to 27 avadhis. The argument row is repeated in the middle of the 
second page of the table, with each avadhi number accompanied by the integer 
multiple of 14 days (0, 14, 28, 42, ..., 350, 364) elapsed at the beginning of the 
avadhi. 


4.6 Mean time correction functions 


Fig. 4.30 Three tables of half-length of daylight from the Siddhantasindhu (Jaipur Khasmohor 
4962 f. 88r). 
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Table of length of daylight and various related solar equations, velocities, and longitudes 


Fig. 4.31 


from the Jagadbhiisana (Smith Indic 146 f. 991-v). 


4.7 Ecliptic declination 137 


Table entries. The table includes the following quantities: 


deSantara This row has been left blank, for undetermined reasons. For a given locality, 
of course, the desantara value remains constant over time, so there would be no point in 
tabulating it afresh for each avadhi in any case. We may speculate that perhaps the user 
was intended to fill in the appropriate amount for their own longitude. 

yataphala Also known as udaydntara equation. 

cara  Half-equation of daylight. 

bhujaphala Second component of the equation of time correction. 

traikya Sum of the previous three rows. 

Second argument 0-364 days, and below them 1-27 avadhis. 

True solar longitudes __ First entry (for mean solar longitude 0) is 0°, 2°;9,24. 

gati True (?) daily velocity of the sun at that longitude. Maximum tabulated value v = 
1°;1,23. Minimum tabulated value v = 0°;56,54. 

antara Differences in successive entries in previous row of daily velocities. 

dinamana Length of daylight for the beginning of each avadhi. Maximum tabulated 
length of daylight 34;48 ghatis. Minimum tabulated length of daylight 26;28 ghatis. 
These values are produced by adding the appropriate equation of daylight (double the 
value in the cara row) to 30 ghatis. 


Locality. Given that the longest day is 33;48 ghatis, the latitude for which the tables 
were computed can be reconstructed as @ ~ 24, the terrestrial latitude of Ujjain 
(Pingree 1968, p. 57). 


Paratext. The table heading reads idam catustayaikyam abdapaghatikasu dha- 
narnam karttavyam praty ’vadhi ghatikad bijasamskrta bhavamti || “This sum of 
four is to be applied positively or negatively to the ghatis of the lord of the year, for 
each avadhi. The ghatis become bija-corrected.” 

Text below the table reads pratyavadhisuryaspastah tad adho gatih || tad 
adho gatyamtaram || calakena guniyatva Sakrair bhajyam 14 || labdham gatau 
dhanarnam karya evam spasta gatir bhavet || paramadinam ghati 33 | 48 para- 
maratrighati 33 | 48 hinadina 26 | 12 || iti jagatbhusane prathamo dhydyah || 
“The true [longitude] of the sun per avadhi. Under that, the velocity. Under that, 
the difference of the velocity. Having multiplied [the argument increment] by the 
calaka, [the product is] to be divided by 14. The result is to be applied positively or 
negatively to the velocity. The true velocity is produced. The longest day is 33;48 
ghatis. The longest night is 33;48 ghatis. The shortest day is 26;12 [ghatis]. Thus, 
the first chapter of the Jagadbhiisana.” 


4.7 Ecliptic declination 


A small set of values of the ecliptic or solar declination 5 is sometimes listed in 
verse form in karana works,’ but they are not exhaustively tabulated in most ko- 
sthakas (unlike Islamic zijes, in which tables of declination routinely appear among 
the standard spherical astronomy functions). 


7For instance, verses containing values of ecliptic declination appear in the Khandakhadyaka 
(Misra 1925, p. 103, verse 3.11) and in the Karanakutihala (Mishra 1991, p. 43, verses 3.13-14). 
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Fig. 4.32 Numerical tables 
inserted in a late 
nineteenth-century 
manuscript of the 
Khandakhdadyaka (Pune 
741809 page 26). Left half: 
R sin values and differences 
with R = 150 for every 15° 
of argument. Right half: 
Ecliptic declination and 
differences for every 15° of 
argument. 


Tabular version of declination values in a karana manuscript: 
Khandakhadyaka 


Figure 4.32 shows in the two rightmost columns a rough tabular representation of the 
versified list of values of solar declination in the Khandakhddyaka of Brahmagupta 
(see footnote 7), along with their successive differences. (The two columns to the left 
similarly reproduce the karana’s simple table of R sin values; see Section 2.1.8.) The 
six entries represent the values of declination in integer arcminutes corresponding 
successively to 15, 30, 45, 60, 75, and 90 degrees of longitude. The maximum entry 
at argument 90° is the standard Indian dmax or € value 1440/ = 24°. 


Ecliptic declination tables: Rajamrganka 


Figure 4.33 shows two separate tables of ecliptic declination in minutes and seconds 
from a manuscript of the Rajamrganka. 


Argument: Top table: 2 to 90° of tropical longitude (even numbers). Bottom table: 
1 to 90° of tropical longitude. 


Table entries. Top table: Values of ecliptic declination are computed in minutes 
and seconds, although the seconds place is almost always zero after the 11th 
argument. Bottom table: Row 1 contains values of ecliptic declination given to 
minutes and seconds, and Row 2 the successive differences of the values in Row 1. 


Method of computation. Comparison of the table entries suggests that the two 
tables were produced using different algorithms to compute the declination values, 
although we have not successfully reproduced either set of computations. 
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Fig. 4.33 Ecliptic declination tables from the Rajamrgdanka (Baroda 9476 f. 13v). Top: Condensed 
table with entries for every second degree of argument. Bottom: Beginning of full table with entries 
for every degree of argument. 


Paratext. The table headings read as follows: 


Top: atha kramakramtikosthaka “Now, the tabular values for declination for even 
[degrees of argument].” 

Bottom: = atha Sri pratyamSacdpakala kramtau likhyamte “Now [...] the minutes 
of arc in the declination for each degree [of argument] are written.” 


Ecliptic declination tables: Grahanasarant 


Figure 4.34 shows a table of ecliptic declination in degrees, minutes, and seconds 
from a manuscript of the anonymous Grahanasdrani mentioned in Section 2.1.5. 
The values for integer multiples of 10 have been computed trigonometrically, with 
the intermediate values linearly interpolated. 


Argument: 1 to 90° of tropical longitude. 
4.8 Tables specific to eclipses 


Tables relating to the prediction of eclipses may constitute a separate book in their 
own right or may be incorporated with other tables in a more general work.® The 


8The former category includes table texts such as the Ganitaraja of Kevalarama Paficanana, the 
Grahasarani (also known as the Khecarasighrasiddhi) of Gangadhara, and the Makaranda of 
Makaranda. The latter category contains, e.g., the Karanakesari of Bhaskara (fl. 1681) (Montelle 
and Plofker 2013) and the Parvadvayasddhana of Mallari (Pingree 1981, pp. 46, 55). See the 
summaries of these works in Appendix A. 
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Fig. 4.34 Ecliptic declination table from the Grahanasarant (Plofker 58 f. 41-v). 


following sections describe the types of tables typically provided to facilitate the 
eclipse calculations discussed in Section 2.1.6. 


4.8.1 Lunar-nodal elongation 


Since the moon’s longitudinal separation from its node determines its latitude, which 
in turn impacts the possibility and characteristics of eclipse occurrence at a syzygy, 
eclipse table texts generally tabulate lunar-nodal elongation in a form somewhat 
similar to the mean longitudinal displacement tables described in Section 4.1. 


Elongation tables: Karanakesari 


Figure 4.35 shows an excerpt from the table of elongation between the node and 
the sun (not the moon) in the Karanakesart. (Note that this quantity at a syzygy is 
identical modulo 180° to lunar-nodal elongation, since at the moment of syzygy the 
sun and moon are either 0° or 180° apart (Montelle and Plofker 2013, pp. 12—13).) 
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Fig. 4.35 Excerpt for single years from nodal-solar elongation tables of the Karanakesart (Smith 
Indic MB XIV f. 3v). 


142 4 Elements of table texts 


Table 4.13 Characteristics of the nodal-solar elongation tables of the Karanakesart (Smith Indic 
MB XIV ff. 31-4r). 


Argument range Time-unit f¢ Elongation increment AA, (to arcseconds) 
1-130 Periods of 130 years | —3°; 16,20 
0-130 Single years 19°;21,34 
1-27 Avadhis in a year (nonlinear) 


The mean elongation increments corresponding to successive multiples of each 
time-unit are tabulated as shown in Table 4.13, where the mean elongation increment 
per given time-unit ¢ is denoted Ad,. 


Epoch elongation value. 6° ,29°;24,36 is incorporated into the first value of this 
table for Saka 1603 (=1681 CE). 


Paratext. The table heading reads atha srikaranakeSarigramthe suryasya Sesa- 
pamkticakram 12 | 30 “Now, in the book Karanakesari the cyclic [elongation 
value] of the sun for the remainder number [of integer years after division by 130], 
[modulo] 12 [zodiacal signs and] 30 [degrees in a sign].” 


4.8.2 Lunar latitude 


Since lunar latitude is occasionally tabulated in other contexts besides eclipse 
reckoning, we defer the discussion of this quantity and its tables to Section 4.9. 


4.8.3 Apparent diameters of sun, moon, and shadow 
Apparent diameter tables: Parvadvayasadhana 


Figure 4.36 shows a table of apparent diameters of the moon and the earth’s shadow 
from a manuscript of the Parvadvayasddhana, for use in computing lunar eclipses. 


Argument: 54 to 65 ghatis in a tithi. 
Table entries. 


Row 1: Sexagesimal integer and fractional (to one place) digits of lunar apparent 
diameter, from initial maximum value of 11;42 to final minimum value of 9;43. 

Row 2: Sexagesimal integer and fractional (to one place) digits of earth’s shadow 
apparent diameter, from initial maximum value of 29;20 to final minimum value of 
24;30. 

Row 3: Half the sum of the corresponding entries in Row | and Row 2. 


Paratext. The headers of the argument row and the three entry rows read, respec- 
tively, tithayah “tithi[-lengths],” camdrabimbani “lunar disks,’ bhabhapramanam 
“amount of earth’s shadow,” and manaikyardham “half the sum of the measures.” 
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Fig. 4.36 Table of apparent diameters of the moon and the shadow of the earth from the Parva- 
dvayasddhana (CSS d. 800 f. 2r). 


Fig. 4.37 Tables of apparent diameter of the sun (top) and of the moon and shadow of the earth 
(bottom) from the Karanakesari (RORI 12792 f. 2r—-v). 


Apparent diameter tables: Karanakesarit 


Figure 4.37 shows tables of the apparent diameters of the sun and of the moon and 
the earth’s shadow from a manuscript of the Karanakesari. 


Argument. 


Sun table: — 59;59 to 64;42 arcminutes of daily elongation of the sun from the lunar node. 
Moon and shadow table: — 52 to 67 ghatis in a tithi. 


Table entries. 


Sun table: Sexagesimal integer and fractional (to one place) digits of solar apparent 
diameter, from initial minimum value of 10; 19 to final maximum value of 11; 11. 
Moon and shadow table. 
Row 1: Sexagesimal integer and fractional (to one place) digits of lunar apparent 
diameter, from initial maximum value of 11;57 to final minimum value of 9; 30. 
Row 2: Sexagesimal integer and fractional (to one place) digits of earth’s shadow 
apparent diameter, from initial maximum value of 30;45 to final minimum value of 
23311. 
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Paratext. The headings of the two tables read as follows: 


Sun table. — atha sapadtacamdragatyupari ravibimbamguladi “Now, digits etc. of the solar 
disk [with] above [argument] velocity of the moon plus the node.” 

Moon and shadow table. = atha_ tithir ~mdnaghatyopari_ camdrabimba tatha _ bhii- 
bhamguladi “Now, the lunar disk, likewise the digits etc. of the earth’s shadow, [with] 
above [argument] the measure in ghatis of the tithi.” 


4.8.4 Duration of eclipse stages 


The half-duration (sthityardha/sthiti) and half-duration of totality (marda), being 
dependent on the magnitude of the eclipse, are generally tabulated as a function of 
it. 


Eclipse duration tables: Karanakesarit 


Figure 4.38 shows tables of duration of eclipse stages from a manuscript of the 
Karanakesari. 


Argument. 


Lunar eclipse half-totality table: 1 to 9 digits of “sky-obscuration,” or excess of earth 
shadow diameter over lunar disk diameter. 


Fig. 4.38 Eclipse duration tables from the Karanakesari (RORI 12792). Top: Half-duration of 
totality of lunar eclipse (f. 2v). Middle: Half-duration of lunar eclipse (f. 2v). Bottom: Half-duration 
of solar eclipse (f. 7v). 
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Lunar eclipse half-duration table: 1 to 21 digits of lunar obscuration. 
Solar eclipse half-duration table: —_1 to 12 digits of solar obscuration. 


Table entries. 


Lunar eclipse half-totality table. © Sexagesimal integer and fractional (to two places, 
with final digit of each entry zero) ghatis of the 60-complement of half-duration of 
totality. 

Lunar eclipse half-duration table. | Sexagesimal integer and fractional (to one place) 
ghatis of the 60-complement of half-duration. 

Solar eclipse half-duration table. | Sexagesimal integer and fractional (to one place) 
ghatis of half-duration. 


Method of computation. See Misra et al. (2016, pp. 17-18 and 30-31) respec- 
tively for the algorithms used to find the lunar and solar eclipse durations. 


Paratext. The three table headings read as follows: 


Lunar eclipse half-totality table. = khachinnadmgulopari mardaghatikd cakram 60 
“Complement [up to] 60 of the ghatis of half-duration of totality, [with] above 
[argument] digits of sky-obscuration.” 

Lunar eclipse half-duration table. = atha candrachinndmgulopari camdrasya madhya- 
sthitighatikadi cakram 60 “Now, complement [up to] 60 of the ghatis of mean 
half-duration [of the eclipse] of the moon, [with] above [argument] digits of lunar 
obscuration.” 

Solar eclipse half-duration table. = atha ~~ ravihchannamgulat —madhyasthitighatikadi 
ravimadhyasthiti sparsakale ganitagatakale darge hinam moksakdle yutam | pascal 
lambanam deyam “Now, the ghatis etc. of the mean half-duration with respect to the 
digits of solar obscuration. The solar [eclipse] mean half-duration, in [computing] the 
time of contact, is subtracted from the computed elapsed time [of] mid-eclipse; in 
[computing] the time of release, added. Then longitudinal parallax is to be applied.” 


Eclipse duration tables: Parvadvayasadhana 


Figure 4.39 shows tables of duration of eclipse stages from a manuscript of the 
Parvadvayasadhana. 


Argument. 


Lunar eclipse half-totality table: —_1 to 9 digits of “sky-obscuration.” 

Lunar eclipse half-duration table: —_1 to 21 digits of lunar disk obscuration. (The scribe 
appears to have erroneously added a column for argument value 22, which is left blank.) 

Solar eclipse half-duration table: | to 12 digits of solar disk obscuration. 


Table entries. 


Lunar eclipse half-totality table. © Sexagesimal integer and fractional (to one place) 
ghatis of half-duration of totality, from initial minimum value of 1;0 to final maximum 
value of 2;6 beginning at argument value 8 digits. 

Lunar eclipse half-duration table. | Sexagesimal integer and fractional (to one place) 
ghatis of half-duration, from initial minimum value of 1;27 to final maximum value 
of 4;40 beginning at argument value 17 digits. 
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Fig. 4.39 Eclipse duration tables from the Parvadvayasddhana (CSS d. 800). Top: Half-duration 
of totality of lunar eclipse (f. 3r). Middle: Half-duration of lunar eclipse (f. 2v). Bottom: Half- 
duration of solar eclipse (f. 3r). 


Solar eclipse half-duration table. | Sexagesimal integer and fractional (to one place) 
ghatis of half-duration, from initial minimum value of 1;3 to final maximum value of 
2;33 beginning at argument value 11 digits. 


Paratext. The row headers of the three tables read as follows: 


Lunar eclipse half-totality table. © Argument row: khachanna “sky-obscuration.” Entry 
row: marddaghatikd o “ghatis of half-duration of totality.” 

Lunar eclipse half-duration table. Argument row: khachanna “sky-obscuration.” 
Entry row: camdrasthitih “half-duration of lunar [eclipse].” 

Solar eclipse half-duration table. Argument row: grdsdmgula “digits of [solar disk] 
obscuration.” Entry row: arkasthitighatyddih “ghatis of half-duration of solar [eclipse].” 


4.8.5 Eclipse deflection (valana) 


The following examples illustrate some of the ways the quantity known as valana 
or deflection in direction is tabulated for eclipse computation. 


Deflection tables: Grahanasaranit 


Figure 4.40 shows a table for deflection from a manuscript of the Grahanasdrani. 
Although the manuscript identifies the quantity only as valana “deflection,” the table 
entries reveal that it is specifically the component of deflection due to terrestrial 
latitude ¢ (aksavalana). 


Argument: 0 to 90° of zenith distance ¢. 
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Fig. 4.40 Deflection table from the Grahanasdrani (Plofker 58 f. 5r—v). 


Table entries: Sexagesimal integer and fractional (to one place) digits of aksa- 
valana, from initial minimum value of 0;0 to final maximum value of 13;0. 


Method of computation. The pattern in the fractional digits suggests that the 
entries were computed directly for argument values 30°, 60°, and 90° according 
to the following algorithm, with linear interpolation used to get intermediate values: 


aksavalana = arcsin(sin ¢ - sing) 


with @ = 13°. 


Paratext. The table heading reads valanam amguladyam “The deflection begin- 
ning with digits.” 


Deflection tables: Karanakesari 


Figures 4.41, 4.42, and 4.43 show respectively tables for the component of 
deflection due to terrestrial latitude (aksavalana), the component due to ecliptic 
obliquity (ayanavalana), and the sum of the two components, from a manuscript of 
the Karanakesart. 
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Fig. 4.41 Table of deflection due to terrestrial latitude (aksavalana) from the Karanakesari (RORI 
12792 f. 3r-v). 


aksavalana 


Argument: 0 to 45° of the 45-complement of half the zenith distance, 45° — ¢/2. 
Table entries. 


Row 1: Degrees, arcminutes and arcseconds of aksavalana from initial maximum value 
of 22°;35,39 at argument value 0 (corresponding to ¢ = 90°) to final minimum value 
of 0°;0,3 at argument value 45 (corresponding to ¢ = 0°). 

Row 2: Differences between successive entries in Row 1. 


Method of computation. The algorithm used appears to be based on the same 
relation as in the above Grahanasarani example, but with @ ~ 22°;35,39. See 
Montelle and Plofker (2013, pp. 23-26) for a reconstruction of the computation. 


Paratext. The table heading on the first page reads atha khamkahatam svagha- 
sramanena bhakte labdham natamsa tasya tanai 45 Sodhyate sodhyamsa upari 
aksakhyavalanam “Now, when [the hour-angle] is divided by the amount of its 
own day measured [and] multiplied by 90, [there is] obtained the degrees of [half] 
the zenith distance. Its [amount] is to be subtracted from 45; the degrees from the 
subtraction are the above [argument of] the valana called latitudinal.” 

Its continuation on the second page reads natamSopari aksakhyavalanam 
purvanate uttare paScimanate daksine valanam “The aksavalana [with its] above 
[argument] degrees of [half] the zenith distance. The valana [is to be applied] in the 
north when the zenith distance [is] eastern, in the south when the zenith distance 
[is] western.” 


ayanavalana 


Argument: 0 to 90° of the complement of tropical solar longitude. 
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Fig. 4.42 Table of deflection due to ecliptic obliquity (ayanavalana) from the Karanakesari 


(RORI 12792 f. 4r). 
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Fig. 4.43 Tables of combined deflection for solar and lunar eclipses from the Karanakesari (RORI 
12792 f. 4v). 
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Table entries. 


Row 1: Degrees, arcminutes and arcseconds of ayanavalana from initial minimum 
value of 0°;0,3 at argument value 0 to final maximum value of 24°;0,1 at argument 
value 90. 

Row 2: Differences between successive entries in Row 1. 


Method of computation. Every tenth table entry appears to have been calculated 
using the relation 


ayanavalana = arcsin(sin(90° — A) - sin 24°) 


(where A is tropical solar longitude), while the intervening values are linearly 
interpolated. 


Paratext. The table heading reads atha spargakale tatha moksakale sdayana- 
grahasya kotyamSopari amSddyam ayanajam valanam sadyanagrahakarkddau da- 
ksine makarddau uttare valano deyam “Now, [with] above [argument] degrees of 
the complement of the precession-added [longitude] of the planet at the time of 
contact, likewise at the time of release, the ayanavalana in degrees etc. The valana 
is to be applied to the south when the precession-corrected planet [?] is in [the six 
signs] beginning with Cancer, to the north when in [the six signs] beginning with 
Capricorn.” 


Sum of valana components 


Argument: 0 to 47° of combined deflection (in both tables). 
Table entries. 


Solar valana table. | Sexagesimal integer and fractional (to one place) digits of converted 
total solar valana, from initial minimum value of 0;7 to final maximum value of 8; 2. 
Lunar valana table. Sexagesimal integer and fractional (to one place) digits of con- 
verted total solar valana, from initial minimum value of 0;4 to final maximum value 

of 13;51. 


Method of computation. The two tables’ entries represent the algebraic sum of 
the aksavalana and ayanavalana components scaled for solar and lunar eclipse 
diagrams, respectively. The algorithm used to determine the relative scales is 
unknown. 


Paratext. The headings of the two tables, which include detailed instructions for 
representing the deflection direction in eclipse diagrams, read as follows: 


Solar valana table. atha_ siiryasya valanam spastam aksdkhyam tathad dyanajam 
valanayor yogamtaradmsopari amgulddyam valanam spasta siiryasya  siryasya 
gradsavalanam pascime deyam moksavalanam piirve deyam siryasya sparsavalanam 
viparitam deyam [inserted from right margin: uttare jatam] daksine deyam daksine 
jdtam uttare deyam “Now, the accurate valana of the sun. The accurate valana of the 
sun in digits etc., [with] above [argument] degrees of the sum or difference of the two 
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valanas, [the one] called latitudinal [and] likewise [the one] produced by the ayana. 
The sun’s contact valana is to be applied to the west; the release valana is to be applied 
to the east. The sun’s contact valana is to be applied in reverse: occurring in the north, 
applied to the south; occurring in the south, applied to the north.” 

Lunar valana table. = atha camdrasya valanam spastam aksakhyavalanam tatha 
ayanajam valanayor yogamtarasopari amgulddyam valanam spastam camdragrahane 
sparsavalanam pirve deyam moksavalanam pascime deyam camdrasya moksavalanam 
viparitam deyam uttare jatam daksine deyam daksine jatam uttare deyam “Now, the 
accurate valana of the moon. The accurate valana in a lunar eclipse in digits etc., [with] 
above [argument] degrees of the sum or difference of the two valanas, [the one] called 
latitudinal [and] likewise [the one] produced by the ayana. The contact valana is to be 
applied to the east; the release valana is to be applied to the west. The moon’s release 
valana is to be applied in reverse: occurring in the north, applied to the south; occurring 
in the south, applied to the north.” 


4.8.6 Lunar parallax 


As discussed in Section 2.1.6, the longitudinal (lambana) and latitudinal (nati, ava- 
nati) components of lunar parallax are tabulated as separate quantities. 


Parallax tables: Parvadvayasadhana 


Figure 4.44 shows tables of longitudinal and latitudinal parallax from a manuscript 
of the Parvadvayasddhana. 


Argument. 


Longitudinal parallax table. | No argument row is given, but the implied argument is 0— 
3 30° increments of tropical longitudinal elongation between the sun and the ascendant.] 
Latitudinal parallax table. 1-12 zodiacal signs of tropical longitude of the ascendant. 


Table entries. 


Longitudinal parallax table. | Sexagesimal integer and fractional (to one place) ghatis 
of lambana, from initial maximum value of 3;30 to final minimum value of 0;45. 
Latitudinal parallax table. 
Row 1: Sexagesimal integer and fractional (to one place) digits of nati, decreasing 
from initial maximum value of 11;0 (south) to maximum value of —1;0 (north) at 
argument value 6/Virgo before returning to final maximum value of 11;0 (south). 


Fig. 4.44 Tables of longitudinal (left) and latitudinal (right) parallax from the Parvadvayasddhana 
(UPenn 390 1888 f. 2v). 
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Row 2: _ Direction indicator for corresponding entries in Row 1. 


Method of computation. We think the calculation of these values is based on 
techniques prescribed in the Grahaldghava (see Section 2.1.6; this also appears 
likely from the use of natihdra for nati in the paratext mentioned below), but we 
have not managed to reconstruct its details. 


Paratext. The entry row headers in the two tables read as follows: 


Longitudinal parallax table. = /ambandni “[Values of] longitudinal parallax.” 
Latitudinal parallax table. natihard “Latitudinal parallax.” 


Parallax tables: Karanakesart 


Figures 4.45 and 4.46 show respectively tables of longitudinal and latitudinal 
parallax from a manuscript of the Karanakesart. See Montelle and Plofker (2013, 
pp. 39-45) and Misra et al. (2016, pp. 28-30) for discussions of their construction. 


Longitudinal parallax (‘mean’) 


Argument: 0 to 91(?) degrees of tropical longitudinal elongation between the sun 
and the ascendant. 


Table entries: Sexagesimal integer and fractional (to one place) ghatis of “mean” 
lambana, increasing from initial value of 3;40 to maximum value of 4;0 at argument 
value 24° before decreasing to final minimum value of 0; 1. 


Paratext. The table heading reads atha darsamtalagnarkayor vivarabahubhaga- 
pramite kostake madhyamalambanam ghatikadi “Now, in [each] table entry com- 
mensurate with the degree of the difference-arc [between the longitudes] of the 
sun and the ascendant at the end of the fithi [i.e., at mid-eclipse], the mid[-eclipse] 
longitudinal parallax in ghatis.” 


Longitudinal parallax correction 


Argument: 0°, 0° to 11°, 29° of tropical longitude of ascendant. The argument is 
split between the vertical axis (zodiacal signs from 0/Aries to 11/Pisces) and the 
horizontal axis (degrees in each zodiacal sign from 0 to 29). 


Table entries: Sexagesimal integer and fractional (to one place) correction factors, 
increasing from initial value of 27;22 to maximum value of 39;59 at argument value 
5/Virgo 9° before decreasing to 39;54 at argument value 5/Virgo 29°, increasing to 
the same maximum 39; 59 at argument value 6/Libra 17°, and returning to final value 
of 27;21. 
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Fig. 4.45 Longitudinal parallax tables from the Karanakesart (RORI 12792): “mean” lambana 


(left, f. 7v) and lambana correction factors (right, f. 8r). 


Paratext. The table heading reads atha yal lambanam svegunake gunyam iti 


“Now, each lambana [value] is to be multiplied [by] its own multiplier: 


thus it is understood.” 


jiieyam 
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Fig. 4.46 Latitudinal parallax table from the Karanakesari (RORI 12792 f. 8v). 
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Latitudinal parallax 


Argument: 0°, 0° to 11°, 29° of tropical longitude of ascendant. The argument is 
split between the vertical axis (zodiacal signs from O/Aries to 11/Pisces) and the 
horizontal axis (degrees in each zodiacal sign from 0 to 29). 


Table entries. Sexagesimal integer and fractional (to one place) ghatis of latitudi- 
nal parallax, decreasing from initial value of 11;46 (south) to minimum value of 0; 1 
at argument value 5/Virgo 12° before increasing to maximum north value of 0;24 at 
argument value 5/Virgo 29°, decreasing to minimum 0; 1 at argument value 6/Libra 
18°, and returning to final maximum value of 11;46. 


Paratext. The table heading reads atha sayanalagnarasyamSsopari nati amguldadi 
kamnyamnam amsa 11 tha kite tulanad ’mSa 19 lagem uttare ’mnyatha sarvadaksine 
“Now, the digits etc. of latitudinal parallax [with] above [argument] the sign and 
degree of the precession-corrected ascendant. [Between] degree 11 of [the entries 
for] Virgo/6 [. . .] degree 19 [of the entries for] Libra/7 [. . .] in the north; otherwise, 
entirely in the south.” 


4.9 Lunar latitude 


As noted above in Section 4.8, tables of lunar latitude are crucial for eclipse 
reckoning. In this context their table argument is usually limited to the first 16 or 
so degrees of lunar-nodal elongation, since eclipses are theoretically possible only 
when the moon is close to a node. But some works also tabulate the full range 
of lunar latitude values separately from eclipse procedures, for purposes currently 
unclear to us. The following examples include both eclipse-specific and general 
tables of lunar latitude. 


Lunar latitude tables: Karanakesari 


Figure 4.47 shows a table of lunar latitude for eclipse calculations from the Kara- 
nakesari. 


Fig. 4.47 Lunar latitude table from the Karanakesart (RORI 12792 f. 2r). 
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Argument: 0 to 16° of nodal elongation. The table does not specify whether it 
is the sun or moon whose nodal elongation is considered here, but as discussed in 
Section 4.8.1, the absolute value of the length of the arc between either luminary 
and the nearest lunar node will be the same. 


Table entries. The table contains the following two rows: 


Row 1: Sexagesimal integer and fractional (to one place) digits of lunar latitude. 
Row 2: Differences between successive entries in Row 1. 


Maximum latitude: 24;45 digits at argument value 16°. 


Method of computation. The latitude entries for argument values 8 and 16 appear 
to have been produced by the algorithm described in Section 2.1.6, implying the 
standard global maximum of 90 digits of latitude for elongation value 90° (Misra 
et al. 2016, p. 15). The remaining entries are produced by linear interpolation. 


Paratext. The table heading reads atha bhujamsopari Saramguladi | Saramtara 
avemte bhujakalavikalagomutrayadi gunya “Now, the digits of latitude [with its] 
above [argument] degrees of arc [of elongation]. The latitude difference [...] [and] 
the minutes and seconds of the arc [of elongation are] to be multiplied by the goma- 
trika [multiplication technique]:” i.e., the heading is explaining how to interpolate 
linearly within the table. 


Lunar latitude tables: Makaranda 


Figure 4.48 shows a lunar latitude table from the eclipse section of the Makaranda. 
Unlike the previous example, this table shows a complete range of latitude values. 


Argument: 0 to 90° of lunar-nodal elongation. 


Table entries. The table’s one row contains values in decimal integer and sexa- 
gesimal fractional (to one place) arcminutes of lunar latitude. They all appear to 
have been computed directly by an unidentified algorithm, rather than as a mix of 
algorithm-derived values and linearly interpolated ones. 


Maximum latitude: 270’;0 at argument value 90°. 


Paratext. The table heading reads pratyamsam viksepakala camdrasya sapata- 
camdrasya bhujamSsamitikosthasthah Sarah sanupato grahyah ayam Sarah siiksma 
kaladi “The minutes of latitude of the moon for each degree: the latitude, situated 
in the [table] cell commensurate with the degree of arc [of longitude] of the moon 
plus [its] node, is obtained by proportion. This latitude is accurate, beginning with 
arcminutes.” An abbreviated heading on the second page reads praty4msam Sarah 
“Latitude for each degree.” 
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Fig. 4.48 Lunar latitude 
table from the Makaranda 
(BORI 546 f. 121r—-v): 
argument values 1—30 (right) 
and 31-90 (left). (Note the 
scribe’s rotation of entry 
numbers that proved too wide 
for his table columns.) 
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Fig. 4.49 Lunar latitude table from the Parvadvayasddhana (CSS d. 800 f. 2r). 


Lunar latitude tables: Parvadvayasadhana 


Figure 4.49 shows a lunar latitude table for eclipse calculations from the Parva- 
dvayasddhana. 


Argument: 1 to 14° of lunar-nodal elongation. 


Table entries. The table’s one row contains sexagesimal integer and fractional (to 
one place) digits of lunar latitude. They appear to have been computed via linear 
interpolation as fourteen evenly spaced values. 


Maximum latitude: 22;0 digits at argument value 14°. 


Paratext. The argument row header reads vyagubhujamo “degrees of arc [of 
elongation of moon] from node,” and the entry row header reads sarah “latitude.” 


Lunar latitude tables: Rajamrganka 


Figure 4.50 shows a full table of lunar latitude from a manuscript of the Raja- 
mrgdnka, which does not tabulate any other quantities specifically relevant to eclipse 
computations. 


Argument: 1 to 90° of lunar-nodal elongation. 
Table entries. 


Row 1:  Arcminutes and arcseconds of lunar latitude. 
Row 2: Differences between successive entries in Row 1. 


Maximum latitude: 270’;0. 


Method of computation. All the lunar latitude values appear to have been 
computed directly by an unidentified algorithm, rather than as a mix of algorithm- 
derived values and linearly interpolated ones. 


Paratext. The table heading on the second page reads camdraviksepakalah “Min- 
utes of lunar latitude.” Squeezed into an empty column just before the start of the 
table on the first page is the abbreviated form camdravikse. 
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Fig. 4.50 Lunar latitude table from the Rajamrganka (Baroda 9476 ff. 14v—15r). 


4.10 Calendric tables 

This category of tables is primarily designed to support construction of the classic 
Indian calendar or paficdrga discussed in Section 

Calendar tables for tithi/naksatralyoga: Makaranda 


In this work, the weekday and time corresponding to the beginnings of the initial ti- 
this, naksatras and yogas of some time interval are tabulated separately. Correction 
terms are also tabulated for converting from the beginning of a mean time-unit to 
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that of a true one. (See Section 5.5 for a note on the various tabular epochs found 
in manuscripts of the Makaranda, and Section 5.5.1 for a synopsis of Makaranda’s 
idiosyncratic terminology.) 


Tithis. Figure 4.51 shows an excerpt from tables of weekday and time correspond- 
ing to the start of the initial tithis of various time-units, from a manuscript of the 
Makaranda. 
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Fig. 4.51 Tables of weekday/time at start of tithi from the Makaranda (BORI 446). Top (f. 2v): 
Table for initial tithis of 16-year periods (left), and 16 single years (right). Middle (f. 3r): Table for 
initial tithis of paksas (called ’vadayah = avadhis in the row header). Bottom (f. 3v): Beginning of 
saurabha table for determining day/time adjustment for true fithi. 
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Argument. 


Table of 16-year periods: Year numbers (out of order) from Saka 1544 to 1656 and to 
the left of that, 1672 to 1720 (1622-1798 CE). 

Table of single years: 1 to 16 solar years beginning approximately with Mesasankranti 
(actually with the start of the mean ¢ithi in which Mesasankranti falls). 

Table of paksas: 0 to 26 paksas (apparently confused with avadhis by the scribe in 
Figure 4.51). 


Table entries. 


Table of 16-year periods: 

Row 1: The number of the initial tithi of each 16-year period. 

Row 2: The integer and sexagesimal fractional (to two places) weekday corresponding 
to the start of the mean fithi in Row 1 (offset by a vertical shift of —0;24,57 days; see 
“Method of computation” below). 

Row 3: The valli or quantity determining the amount of the offset between the initial 
instants of the mean and the true initial fithi, in integer and sexagesimal fractional (to 
two places) 6° arc-units. For periods of integer years, the vallt depends only on the 
amount of lunar anomaly since the net effect of solar anomaly over an integer number 
of years is zero. 


Table of single years: 

Row 1: The number of the initial tithi of each solar year. 

Row 2: The integer and sexagesimal fractional (to two places) weekday increment 
modulo 7 corresponding to the offset start of the mean ¢ithi in Row 1. 

Row 3: — The valli (or lunar anomaly) in integer and sexagesimal fractional (to two places) 
6° arc-units for the beginning of that initial tithi. 


Table of paksas: 

Row 1: The integer and sexagesimal fractional (to two places) weekday increment 
modulo 7 corresponding to the offset start of the “true-mean” fithi (reflecting the motion 
of true sun and mean moon) initiating the current paksa. 

Row 2: The negative interpolation factor for the deficit up to integer days of the integer 
and fractional weekday increment for each tithi in the current paksa. That is, one- 
fifteenth of the 60-complement of the difference between successive entries in Row 1. 

Row 3: The vallvin integer and sexagesimal fractional (to two places) 6° arc-units for the 
beginning of each paksa. These non-uniform vall/r increments appear to take into account 
changing solar anomaly during the course of the year, as well as the approximately 
monthly cycle of lunar anomaly. 

Row 4: _ The positive interpolation factor for the vallz for each tithi in the current paksa: 
that is, one-fifteenth of the difference between successive entries in Row 3. 


Table of weekday/time corrections for true fithi (tithi-saurabha). 


Argument: 0;0 to 59;59 6° arc-units of valli. The argument is split between the 
horizontal axis (6° arc-units from 0 to 59) and the vertical axis (sixtieths of 6° 
arc-units from 0 to 59). (The bottom table in Figure 4.51 tabulates the vertical- 
axis argument only for even values.) 

Table entries. The entries in ghatis and vighatis represent the offset between the 
start of the desired true fithi and that of the corresponding mean fithi. They 
increase from the mean value 24;57 at argument 0;0 (the beginning of the table) 
to the maximum value 49;54 starting at 13;54, decrease through the mean again 
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at 30;0 to the minimum value 0;0 at 45;48 and then increase again to the mean 
at the end of the table. 


Paratext. The table heading reads tithisaurabham “The ‘fragrance’ of tithis.” 


Method of computation. These luni-solar calendar synchronization tables are 
designed to account for three phenomena: 


1. the fractional time-units of difference between integer mean tithis and integer 
solar years; 

2. the (small) variation in the synchronization of true and mean fithis over the course 
of a year due to the annual cycle of solar anomaly; 

3. the (much greater) variation in the synchronization of true and mean fithis over 
the course of an anomalistic month due to the cycle of lunar anomaly. 


The difference in time between twelve complete synodic months (or 360 mean 
tithis) and a solar year, called the annual epact (Sanskrit suddhi), is approximately 
11;3,52,30 mean fithis. So the tithi-number in the tables of weekday/time values 
increases by 11 for every single year and by 27 (* 11;3,52,30 x 16, modulo integer 
30-tithi months) for every 16-year period. Recall that the entries in the weekday/time 
tables for single years and for 16-year periods each correspond to the completion 
of some integer number of mean fithis, which will not perfectly sync up with an 
integer number of solar years. Thus the tables’ constant differences (modulo 7 
weekdays) are not identical to integer multiples (modulo 7 weekdays) of the mean 
solar year length: rather, 371 tithis is approximately 365;11,41,40 days. This single- 
year constant difference 1;11,41,40 times 16, plus the 0;59,3 days equivalent to 
an extra mean fithi, gives (modulo 7 weekdays) the 6;6,12 value for the constant 
difference in the 16-year table. (These successive-difference values are not shown 
in the table layout as there is no need to interpolate within these integer-year tables.) 

The paksa table, on the other hand, does require interpolation between its 
tabulated entries in order to determine the weekday/time of a given fithi within a 
given paksa. Somewhat unusually, the quantity used for interpolation (phala, calaka 
or cdlana) is negative: namely, the 60-complement or 60 minus the difference of two 
successive weekday/time entries in the paksa table, instead of the difference itself. 
One-fifteenth of that 60-complement is tabulated as the negative interpolation factor. 

The weekday/time entries in the paksa table are nonlinear, evidently following 
the variation in solar anomaly during the year. When the sun is near its apogee, 
between two and three months after Mesasankranti, its true velocity is minimum. 
Therefore the amount of time required to complete 15 “true-mean” tithis, where 
the mean moon gains 12° of elongation from the true sun, is also minimum. 
Consequently, the 60-complement of that amount of time is maximum, as is the 
corresponding absolute value of the interpolation factor. The subsequent increase in 
weekday/time entries reflects the greater apparent solar velocity later in the year and 
produces smaller absolute values for the interpolation factor. 

The tabulated valli values in all three tables represent amounts of lunar and solar 
anomaly corresponding to their respective amounts of solar time. As noted above, 
net solar anomaly contribution to valli in a period of integer solar years is zero, but 
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within a single year it is nonzero. The constant differences in valli entries in the first 
two tables represent the excess of lunar anomaly over integer cycles in integer years: 
about 15°;12,36,6 arc-units for a single year, and 5°;30,17,6 arc-units for 16 years. 
The valli entries in the paksa table appear to represent amounts of combined lunar 
and solar anomaly in the course of a year. The contribution from lunar anomaly, 
as noted above, is periodic with period one anomalistic month or approximately 
two paksas. The contribution from solar anomaly is positive during the sun’s course 
from apogee to perigee, when the sun’s velocity is increasing and lengthening the 
time required to complete a true fithi; it is negative when the sun’s progress slows 
down between perigee and apogee and the requisite 12° of luni-solar elongation is 
attained more quickly. The interpolation factors for these valli entries are positive. 

The true-tithi correction terms in the tithi-saurabha table serve to convert the 
weekday/time entries from mean or “true-mean” tithi-beginnings to true ones. They 
represent the time adjustment in fractional days corresponding to a given amount 
of valli. Note that these periodic corrections are vertically shifted in the positive 
direction to make all entries nonnegative; the first weekday/time entry in the table 
of 16-year periods is equally offset in the negative direction to account for this shift. 
In other words, when the valli is 0 or 30 6° arc-units and the current true fithi is 
synchronized with the corresponding mean fithi, the mean correction 0;24,57 days 
is added to the tabulated weekday/time value to cancel out the initial offset. 


Notes on table use. The weekday and time for the beginning of any mean tithi ina 
desired year are added up (modulo 7 weekdays) from the incremental entries in the 
tables for 16-year periods, individual years, and paksas of the current year (see the 
worked examples in Rupa et al. (2014)). Recall that the interpolation procedure in 
the paksa table is “backwards”: that is, a user seeking the weekday/time for the 
beginning of tithi number n in a given paksa must add n to the weekday/time 
tabulated for the start of the first mean tithi in that paksa, and then subtract from 
that sum n times the corresponding interpolation factor, to account for the excess of 
day-length over tithi-length. 

The correction procedure to bring the weekday/time up to the start of the true 
tithi instead of the offset mean or mean-true fithi begins with adding up the valli 
increments produced for the given 16-year period, individual year, and location 
within the current year and paksa. Then this sum is entered into the true-tithi 
correction or saurabha table, whose corresponding entry is added to the previously 
determined weekday/time for the desired tithi. 


Naksatras. Figure 4.52 shows related Makaranda tables from a different manu- 
script, indicating the weekday and time corresponding to the start of initial naksa- 
tras. 


Argument. 


Table of 24-year periods: Year numbers from Saka 1448 to 1880 (1526-1958 CE). (As 
noted in Section 5.5, the year-number ranges in various manuscripts/recensions of the 
work cover different periods.) 
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Fig. 4.52 Tables of weekday/time at start of naksatra from the Makaranda (RORI 5498). Top 
(f. 6r): Table for initial naksatras of 24-year periods. Middle (f. 6v): Table for initial naksatras of 
single years. Bottom (f. 7r): Table for initial naksatras of sidereal months. 
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Table of single years: _—_1 to 24 solar years beginning with Mesasankranti. 
Table of sidereal months: —_0 to 14 sidereal months or naksatra cycles. 


Table entries. 


Table of 24-year periods: 

Row 1: The number of the initial naksatra of each 24-year period. 

Row 2: The integer and sexagesimal fractional (to two places) weekday corresponding 
to the start of the mean naksatra in Row 1. 

Row 3: The valli, or lunar anomaly in integer and sexagesimal fractional (to two places) 
6° arc-units for the beginning of that initial naksatra. 


Table of single years: 

Row 1: The number of the initial naksatra of each solar year. 

Row 2: The integer and sexagesimal fractional (to two places) weekday increment 
modulo 7 corresponding to the start of the mean naksatra in Row 1. 

Row 3: The valli, or lunar anomaly in integer and sexagesimal fractional (to two places) 
6° arc-units for the beginning of that initial naksatra. (The first five columns shown in 
the manuscript image have the last sexagesimal place of the vallz mistakenly shifted one 
column to the left.) 


Table of sidereal months: 

Row 1: The integer and sexagesimal fractional (to two places) weekday increment 
modulo 7 corresponding to what appears to be the offset start of the naksatra beginning 
the current sidereal month. Their successive differences represent the sidereal month 
length of three integer weeks plus about 6;20 days. But this quantity seems to fluctuate 
slightly over the course of the year with its minimum about month 7, suggesting that 
it takes into account somehow an annual change in the solar day as well as the lunar 
motion increments. 

Row 2: The positive phala or interpolation factor for the deficit up to integer days of the 
integer and fractional weekday for each naksatra in the current sidereal month. That is, 
1/27 of the 60-complement of the difference between successive entries in Row 1. 

Row 3: The valli in integer and sexagesimal fractional (to two places) 6° arc-units for 
the beginning of each sidereal month. The differences of successive valli entries, like 
those of the weekday entries, are slightly non-uniform, reaching their minimum about 
halfway through the year. This suggests again that annual changes in solar anomaly are 
being accounted for, as well as the approximately monthly cycle of lunar anomaly. 

Row 4: The positive phala or interpolation factor for the valli for each naksatra in the 
current sidereal month: that is, 1/27 of the difference between successive entries in 
Row 3. 


Paratext. The table heading for the table of sidereal months reads as follows: 


atha naksatraguccha paksapaksabhinnabhinnaka kosthaka hot 


“Now the ‘shrub’ of naksatras: table entries [for] each two paksas [?].” 


The note at the bottom of the table reads: 


varan vihdya gucchakosthamtara saptavimSati 27 bhakta phalam dhanam vallikosthamtaram 
saptavimSsati 27 bhakta phalasake dhanam 


“Disregarding the weekdays, the guccha-tabular difference is to be divided by 27. The 
result [is to be applied] positively. The valli-tabular difference is to be divided by 27 [... ?] 
positively.” 
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Fig. 4.53 Beginning of saurabha table for determining day/time adjustment for true naksatra from 
the Makaranda (RORI 5498 f. 7v). 


Table of weekday/time corrections for true naksatra (naksatra-saurabha). 


Argument: 0;0 to 59°;59 6 arc-units of lunar anomaly. The argument is split 
between the horizontal axis (6° arc-units from O to 59) and the vertical axis 
(sixtieths of 6° arc-units from 0 to 59). (The table in Figure 4.53 tabulates the 
vertical-axis argument only for every sixth value.) 

Table entries. The entries in ghatis and vighatis represent the offset between the 
start of the desired true naksatra and that of the corresponding mean naksatra. 
They increase from the mean value 23;4 at argument 0;0 (which appears to be 
a vertical shift at the beginning of the table to make all the entries nonnegative, 
like the 0;24,57 offset in the tithi-saurabha table) to the maximum value 46;8 
at 13;54, decrease through the mean again at 30;0 to the minimum value 0;0 at 
45;48 and then increase again to the mean at the end of the table. 


Paratext. The table heading reads naksatrasaurabham “The ‘fragrance’ of naksa- 
tras.” 


Yogas. Figure 4.54 shows a selection of yoga tables from a third manuscript of the 
Makaranda. 


Argument. 


Table of 24-year periods: Year numbers from Saka 1400 to 1664 (1478-1742 CE). 
Table of single years: | to 24 solar years beginning with Mesasankranti. 
Table of yoga cycles: 0 to 14 yoga cycles. 


Table entries. 


Table of 24-year periods: 
Row1: The number of the initial yoga of each 24-year period. The table shown in 
Figure 4.54 has the row header mistakenly labelled naksatra instead of yoga. (Note, 
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Fig. 4.54 Tables of weekday/time at start of yoga from the Makaranda (BORI 546). Top (f. 8v): 
Tables for initial yogas of 24-year periods (upper) and 24 single years (lower). Bottom (f. 9r): Table 
for initial yogas of yoga cycles. 


however, from comparison with Figure 4.52 that the Row | entries in the tables of 24- 
year periods and single years are exactly the same for yogas and naksatras, owing to 
the fact that a solar year contains almost exactly the same fractional excess over integer 
cycles for both: namely, about 9.9 time-units. So both naksatra and yoga numbers for 
the start of the year increase by 10 annually.) 

Row 2: The integer and sexagesimal fractional (to two places) weekday corresponding 
to the start of the mean yoga in Row I. 

Row 3: The vaillz, or lunar anomaly in integer and sexagesimal fractional (to two places) 
6° arc-units for the beginning of that initial yoga. 


Table of single years: 

Row1: The number of the initial yoga of each solar year. 

Row 2: The integer and sexagesimal fractional (to two places) weekday increment 
modulo 7 corresponding to the start of the mean yoga in Row 1. 
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Row 3: The vaillz, or lunar anomaly in integer and sexagesimal fractional (to two places) 
6° arc-units for the beginning of that initial yoga. 


Table of yoga cycles: 

Row1: The integer and sexagesimal fractional (to two places) weekday increment 
modulo 7 corresponding to the offset start of the “true-mean” yoga (reflecting the motion 
of true sun and mean moon) beginning the current cycle. (The increment is largest when 
the sun is moving slowly near its apogee and the completion of a yoga takes more time.) 

Row 2: The negative interpolation factor for the deficit up to integer days of the integer 
and fractional weekday for each yoga in the current cycle, i.e., the 60-complement of 
1/27 of the difference between successive entries in Row 1. 

Row 3: The valli in integer and sexagesimal fractional (to two places) 6° arc-units for 
the beginning of each yoga cycle. 

Row 4: _ The positive phala or interpolation factor for the valli for each yoga in the current 
cycle, that is, 1/27 of the difference between successive entries in Row 3. 


Paratext. The table headings read as follows: 


Top: atha yogakamda “Now, the ‘bulb’ of yogas.” 
Bottom: —yogagucchd “The ‘shrub’ of yogas.” 


We have not translated the note in a Sanskrit-related vernacular underneath the 
bottom table. 


Table of weekday/time corrections for true yoga (yoga-saurabha) 


Argument: 0;0 to 59°;59,6 arc-units of lunar anomaly. The argument is split 
between the horizontal axis (6° arc-units from O to 59) and the vertical axis 
(sixtieths of 6° arc-units from 0 to 59). (The table in Figure 4.55 tabulates the 
vertical-axis argument only for every sixth value.) 

Table entries. The entries in ghatis and vighatis represent the offset between the 
start of the desired true yoga and that of the corresponding mean yoga. They 
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Fig. 4.55 Beginning of saurabha table for determining day/time adjustment for true yoga from 
the Makaranda (BORI 546 f. 9v). 
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increase from the mean value 21;27 at argument 0;0 (which again appears to be 
a vertical shift at the beginning of the table to make all the entries nonnegative) 
to the maximum value 42;54 at 13;54, decrease through the mean again at 30;0 
to the minimum value 0;0 at 45;48 and then increase again to the mean at the end 
of the table. 


Paratext. The table heading reads as follows: 


yogasaurabham camdramamdaphalam ravicamdragatiyogena bhaktam yogasaurabham 
sydt 


“The ‘fragrance’ of yogas: The moon’s manda-equation divided by the sum of the solar and 
lunar velocities should be the yoga-saurabha.” 


Calendar tables for tithi/naksatralyoga: Tithicintamani of 
GaneSsa 


Figures 4.56, 4.57, and 4.58 show excerpts from tables from the Tithicintamani of 
GaneSa, listing values of weekday and time corresponding to the ends of successive 
tithis, naksatras and yogas respectively. See Ikeyama and Plofker (2001) for details. 


Table of tithis 


Argument: 0 to 400 successive tithis beginning at Mesasankranti. 
Table entries. 


Row 1: Integer and sexagesimal fractional (to two places) weekdays (modulo 7) of the 
time interval from the zeroth to the current tithi. 
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Fig. 4.56 Excerpt from weekday table for tithis from the Tithicintamani (UPenn 390 1891 f. lv). 
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Fig. 4.57 Excerpt from weekday table for naksatras from the Tithicintamani (UPenn 390 1891 
f. 6r). 


xc 


Fig. 4.58 Excerpt from weekday table for yogas from the Tithicintamani (UPenn 390 1891 f. 10v). 


Row 2 (parakhya): | Sexagesimal integer and fractional (to one place) ghatis of correc- 
tion to the corresponding Row | entries to account for the effect of lunar anomaly. 

Row 3 (hara “divisor’”): _ Divisors, in integer and danda-quarter-units, for further cor- 
recting the corresponding Row 2 entries. 


Paratext. The table heading reads tithipatram “tithi-table.” 


Table of naksatras 


Argument: 0 to 390 successive naksatras from the beginning of the anomalistic 
month. 
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Table entries. 


Row 1: Integer and sexagesimal fractional (to two places) weekdays (modulo 7) of the 
time interval from the zeroth to the current naksatra of the anomalistic month. 

Row 2 (hara “divisor”): _ Divisors, in integer and danda-quarter-units, for correcting the 
corresponding Row | entries. 


Paratext. The table heading reads naksatrapatrani “naksatra-tables.” 


Table of yogas 


Argument: 0 to 390 (Row 1) or 0 to 419 (Rows 2-3) successive yogas. 
Table entries. 


Row 1: Integer and sexagesimal fractional (to two places) weekdays (modulo 7) of the 
time interval from the zeroth to the current yoga. 

Row 2 (parakhya): | Sexagesimal integer and fractional (to one place) ghatis of correc- 
tion to the corresponding Row | entries to account for the effect of lunar anomaly. 

Row 3 (hara “divisor”): _ Divisors, in integer and danda-quarter-units, for further cor- 
recting the corresponding Row 2 entries. 


Paratext. The table heading reads yogapatram “yoga-table.” 


Method of computation. What we know so far about the production of these table 
entries is described in detail in Ikeyama and Plofker (2001). In brief, they appear 
to have been created by computing mean solar and lunar longitudes corresponding 
to successive mean time-units measured in days, and then applying the appropriate 
true-motion corrections to adjust the length of the tabulated intervals based on true 
solar and mean lunar positions. Further adjustments to account for the lunar anomaly 
are tabulated in subsequent rows, and apparently can be applied separately at the 
user’s discretion. 


Calendar tables for samkranti: Makaranda 


Figure 4.59 shows tables of weekday and time for samkranti, the sun’s entry into 
various divisions of its cycle, from a manuscript of the Makaranda. 


Argument. 


Table of 24-year periods: Year numbers from Saka 1496 to 1664 (1574-1742 CE). 
Table of single years: | to 24 solar years. 

Table of zodiacal signs: — Aries—Pisces (1 to 12 zodiacal signs). 

Table of naksatras: — Asvini-Revati (1 to 27 naksatras). 


Table entries. The integer and sexagesimal fractional (to two places) weekday 
corresponding to the samkranti in question. 
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Fig. 4.59 Tables of weekday/time at samkrdanti from the Makaranda (BORI 546 f. 10v). 
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Fig. 4.60 Tables of accumulated civil days from the Makaranda (BORI 446 f. 14r). Top: 
Sexagesimal ahargana for 57-year periods (left), and ahargana increments for 57 single years 
(right and middle row). Bottom: Sexagesimal ahargana increments for 24 paksas. 


Paratext. The table headings read as follows: 


24-year periods: = makaramde samkramtisakah “Year [at] samkranti in the Makaranda.” 

Single years: |= makaramde samkramtisaka amtarakostakd “Table entries [at] intervals [of 
a] year [at] samkranti in the Makaranda.” 

Naksatras: — mahdanaksatrani kostam “Table [of] the great [?] naksatras.” 


We have not translated the two accompanying Sanskrit/vernacular notes. 


Calendar tables for accumulated civil days: Makaranda 


Figure 4.60 contains tables of the accumulated civil days or ahargana since the 
beginning of the Kaliyuga (see Section 1.1.4) from a manuscript of the Makaranda. 
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Argument. 


Table of 24-year periods: Year numbers from Saka 1400 to 1799 (1478-1877 CE). 

Table of single years: 1 to 57 luni-solar calendar years. 

Table of paksas: — Caitra suklapaksa to Caitra krsnapaksa, followed by adhimdsa krsna- 
paksa and adhimasa suklapaksa (1 to 26 paksas). 


Table entries. 


Table of 57-year periods: 

Row 1: The vallz, here meaning the integer sexagesimal (to four places) civil days of the 
Kaliyuga accumulated at the end of the numbered year. The constant difference between 
entries is 20819 = 0, 5, 46, 59 civil days (almost exactly 57 solar years or 705 synodic 


months). 
Row 2: The vara or weekday number of the first day of the following year. The constant 
difference between entries is | mod 7 since 20819 = 1 mod 7. The first entry 3 


represents Wednesday because the Kaliyuga began on a Friday and the ahargana value 
in Row | is 1672494 = 5 mod 7, indicating that the initial ahargana ended on Tuesday 
or weekday 2. 


Table of single years: 

Row 1: The valli or integer sexagesimal (to four places) civil days of the current 57-year 
period accumulated at the end of the numbered calendar year. The difference between 
entries is either 353, 354, 355, 383, 384, or 385 civil days, depending on whether 
the year in question contains an intercalary month and/or an omitted or additional 
tithi. 

Row 2: The increment (mod 7) to the vara or weekday number accumulated at the end 
of the numbered calendar year. The difference between entries is the difference (mod 7) 
between corresponding Row | entries. 


Table of paksas: 

Row 1: The valli or integer sexagesimal (to four places) civil days of the current calendar 
year accumulated at the end of the current paksa. The difference between entries is 
either 14 or 15 civil days, depending on whether the paksa in question does or does not 
contain an omitted tithi. Oddly, in the manuscript exemplar shown in Figure 4.60 the 
krsnapaksa and suklapaksa of the potential intercalary month or adhimdsa are appended 
in that order after the 24th column Caitra krsnapaksa, and their ahargana values increase 
correspondingly. This would imply an astronomically impossible situation with two 
waning fortnights in a row followed by two waxing fortnights. 

Row 2: The increment (mod 7) to the weekday number (here somewhat puzzlingly called 
the cdlana) accumulated at the end of the current paksa. The difference between entries 
is the difference (mod 7) between corresponding Row | entries. 


Paratext. The table heading reads grahadinavalli bhrguvarddicaitramdvasya- 
sannd paksavallyam grahadinavallyam yogah paksacdalanani vallyam datva ’gre- 
tana valli jayamte evam ’gre pi ema sayukta ’hargand hi te amtaranama “The 
accumulated-days valli [is] set at new moon of Caitra beginning with weekday Fri- 
day. The sum [of] the paksa valli [and] the accumulated-days valli [is made]. Putting 
the paksa cdlanas [together with] the valli, the subsequent [time-unit] vallz [is] 
produced. Thus at the beginning too, these added accumulated days [are] called the 
difference [?].” 
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Fig. 4.61 Excerpt from a mahdpdata table from the Pdtasdrant of Ganesa (UPenn 390 697 
f. 6v—7r). 


4.11 The mahdapatas 


Most Sanskrit siddhdntas and karanas address this topic of the so-called parallel 
aspects of the sun and moon, with equal declinations and symmetrical longitudes 
(see Section 2.1.7). But the only astronomical table text devoted to them that we 
know of is the Patasdrani by GaneSa (Section 5.6). This work has not yet been 
published, and the extent of its overlap with related procedures in the same author’s 
Grahalaghava (Jost 1994, p. 307) is yet to be determined. The following discussion 
is a tentative preliminary analysis of Ganesa’s mahdapdta table. 


4.11.1 Patasarani of Ganesa 


Figure 4.61 shows a table from a manuscript of the Patasdrani, enabling the user to 
determine the time interval between the so-called mean mahdpdata, or the moment 
when the ecliptic declinations of the moon and the sun have the same magnitude, 
and its “true” form, or the moment of equality of their true declinations. 
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Argument: The table employs a double argument: the 24 columns designate 0 
to 11°15° zodiacal half-signs of nodal longitude, and the 30 rows naksatras 1-5, 
naksatra 6 (first half), naksatra 6 (second half), naksatra 7 (first half), naksatra 7 
(second half), naksatras 8-19, naksatra 20 (first half), naksatra 20 (second half), 
and naksatras 21-27. 


Table entries. Each naksatra or half-naksatra argument row in the table contains 
the following two rows: 


Row 1: Integer and sexagesimal fractional (to one place) ghatis of the time interval 
between the moments of “mean” mahdpdta (computed by the user for the given 
naksatra and nodal longitude) and accompanying “true” mahdpdta. Entries for the 
“true” mahdpdta occurring before or after its “mean” counterpart are marked by ga 
for gata “‘past” or e for esya “future,” respectively. For combinations of nodal longitude 
and naksatra for which a “true” mahapdta is impossible, the scribe has noted na “not” 
in the empty table cell. 

Row 2: Integer and sexagesimal fractional (to one place) ghatis of the sthiti “duration” 
of the corresponding mahdpdata, apparently referring to the time during which the 
luminaries’ disks have a nonzero overlap in declination. 


Paratext. The column-argument row heading reads rahurasydadi “ [Longitude of] 
Rahu beginning with zodiacal signs.” 


4.12 Trigonometric functions 


As discussed in Section 2.1.8, purely mathematical trigonometric functions gen- 
erally are not tabulated separately in Sanskrit astronomical table texts: instead, 
they are incorporated into the results of more specific formulas for computing 
astronomical quantities such as declination or parallax. Some of the few known 
exceptions to this trend are described in this section. 


Table of R sines: Rajamrganka 


Figure 4.62 shows two nearly identical forms of a table of Rsines, presented 
together in a manuscript of the Rajamrganka. 


Argument: 1 to 90° of arc, in both versions. 
Table entries. 


Row 1 (in both versions): Decimal integer and sexagesimal fractional (to one place) 
R sin values up to R sin 90° = R = 1000;0. 
Row 2 (only in first version): Differences between successive entries in Row 1. 


Paratext. The table headings read as follows: 


First: — samkalitajivakosthakah “Tabulated [values of] cumulative R sin” 
Second: = atha kramajivakosthakah “Now, tabulated [values of] R sin.” 
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Fig. 4.62 Two versions of the R sin table from the Rajamrgdanka (Baroda 9476 ff. 11v—12r); only 
part of the second version is shown in this image. 


Table of R versines: Rajamrganka 


Figure 4.63 shows the same Rajamrganka manuscript’s table of R versines. 
Argument: 1 to 90° of arc. 


Table entries: Decimal integer and sexagesimal fractional (to one place) R vers 
values up to R vers 90° = R = 1000;0. 
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Fig. 4.63 Table of R versines from the Rajamrgdanka (Baroda 9476 ff. 12v—13r). The entry for 90° 
is erroneously written as 1000;1 instead of 1000;0. 


Paratext. The table heading reads atha utkramajivakosthakah “Now, tabulated 
[values of] versine.” 


Table of R sines: Sarvasiddhantaraja 


Figure 4.64 shows a table of R sines from a manuscript of the Sarvasiddhantaraja 
of Nityananda. 


Argument: 1 to 90° of arc. 


Table entries: Decimal integer and sexagesimal fractional (to four places) R sin 
values up to R sin 90° = R = 60;0,0,0,0. 


Table of R sines (and R cosines): Siddhantasindhu 


Figure 4.65 shows a single page of a table of R sines, which also functions as a table 
of R cosines, from a manuscript of the Siddhantasindhu of Nityananda. 


Argument: 0°0' to 89°59’ and 180°0' to 269°59’ of arc. The argument is split 
between the horizontal axis (0 to 90° or 180 to 270°) and the vertical axis (0 to 59 
minutes in each degree). 
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Fig. 4.64 Table of Rsines from the Sarvasiddhdantaraja (Nepal B534 f. 15r—v). The last value 
includes a spurious fifth sexagesimal place. 


Table entries. 


Black columns: _Sexagesimal integer and fractional (to four places) R sin values up to 
R sin 89°59! = 59;59,59,27,6. 
Red columns: _ Differences between successive entries in adjacent black columns. 


Paratext. The table heading reads atha pratikalajyakostakah “Now, tabulated 
[values of] R sin for each minute.” 


Method of computation. The trigonometric radius R in both of Nityananda’s 
works is 60 digits, following his Islamic sources. 


Sarvasiddhantaraja: The Rsin table values are derived from procedures found 
in Sarvasiddhantardja 3.19-85.° Arcs that are integer multiples of three degrees 
have been computed via traditional geometric techniques. The value of the R sin 
of 1°, however, being impossible to determine geometrically, has been computed 
using a recursive algorithm based on a cubic equation. This procedure appears to 
be based on a method originally put forth by al-Kashi.'° 

Siddhantasindhu: The trigonometric radius R is taken to be 60 digits. Entries are 
given to a precision of five sexagesimal places. (This table can also function 
as a table of Rcosines by using the appropriate symmetries as indicated in 
the argument.)''! The Rsines have been computed down to single degrees of 
argument using the techniques discussed above. Values down to single minutes 
have been computed using several ingenious approximation techniques which are 


These verses have been critically edited, translated, and analyzed in Dhammaloka et al. (2016) 
and Montelle and Ramasubramanian (2018). 


0See Van Brummelen (2009, pp. 147-149), Rosenfeld and Hogendijk (2003), and Aaboe (1954). 
The value employed for the R sin of one degree is 1;2,49,43,15. 


'l Ror further information about these tables see van Dalen (2002a) and their transmission. 
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Fig. 4.65 Excerpt from the R sin/R cos table from the Siddhantasindhu of Nityananda (Jaipur 
Khasmohor 4962 f. 29r), entries for arcminutes 0-14 of either of the following: degrees 0-14 or 
180-194 for R sin (read left to right), or degrees 76-90 or 256-270 for R cos (read right to left). 
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Fig. 4.66 Excerpt from the first part of a table of R sines and other quantities from the Amrtalahari 
(Tokyo MF 13 f. 40v). 


outlined in the Sarvasiddhantardaja (3.83—85) (Montelle and Ramasubramanian 
2018). This table appears to have been copied from the Z7j-i Shah Jahdni’s sine 
table, but has made some modifications to the layout of the argument. There are 
four rows of arguments. The first two tabulate the R sines for quadrants one (0- 
89) and three (180-269), using red and black to indicate the tabulated values 
are positive and negative, respectively. The second two tabulate R cosines in the 
reverse order for quadrants one (90-1) and three (270-181), also using black 
and red ink. Effectively the table does not explicitly contain arguments for the 
second and fourth quadrants (as the Zij-i Shah Jahani has done), but these can be 
supplied by symmetry. The R sin of one degree is 1;2,49,43,11. 


Table of R sines: Amrtalahari 


Figure 4.66 shows a table of R sines from a manuscript of the Amrtalahdari, which 
forms part of a more elaborate table including several other types of data entries (not 
shown) also sharing the same argument. 


Argument: 1 to 90° of arc. 


Table entries. Decimal integer and sexagesimal fractional (to two places) R sin 
values up to R sin 90° = R = 60;0,0. 


Paratext. The table heading reads atha kramajydkrantisastyamgulasamku- 
dvadasamgula saptamgulasamkuchayadcamdrasaramsah “Now, R sines, declina- 
tion, shadows of a 60-digit gnomon, a 12-digit gnomon [and] a 7-digit gnomon, 
[and] the degrees of the latitude of the moon.” 


4.13 Astrological tables 


Almost all Sanskrit astronomical tables are to some extent astrological, as they 
involve the computation of perceived positions of celestial bodies which always 
have astrological significance. But some tables may be considered solely or explic- 
itly astrological, e.g., if they record the prognosticative characteristics assigned 
to celestial phenomena or are created specifically for casting horoscopes. The 
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Fig. 4.67 Astrological data from a nativity horoscope (UC MB 680). Left: Horoscope diagram 
or birth-chart (janmapattra) depicting locations of the nine planets and the ascendant in zodiacal 
signs 1-12 at the moment of nativity. Right: Table of true longitudes and velocities of planets with 
their synodic phases at that moment. 


following examples of such tables illustrate their relation to astrological practice 
as briefly outlined in Section 1.3.3. 

Figure 4.67 shows on the left a nativity horoscope diagram (birth-chart or 
janmapattra) for an unidentified individual!* indicating the approximate locations 
of the nine planets, and on the right an accompanying table listing their precise 
locations, both computed for the moment of birth. The table specifies the planets’ 
true longitudes in zodiacal signs (0/Aries—11/Pisces), degrees, minutes, and sec- 
onds, as well as their instantaneous velocities in minutes and seconds and their 
synodic phases (direct or retrograde motion, rising or setting). The table heading 
reads atha Sribhaskaradayo graha spasta “Now, the true [longitudes of] the planets 
of the sun and so on.” 

The same horoscope manuscript includes a table of astrological houses or bhdvas 
beginning from the ascendant at the nativity moment, reproduced in Figure 4.68. 
The table entries contain for each of the 12 bhdvas the longitude of its cusp or 
central point, followed by that of its samdhi or junction with the following house, 
in zodiacal signs (0/Aries—11/Pisces), degrees, minutes, and seconds.!* The table 
heading reads atha Sri amgddayo dvddasabhava “Now, the twelve houses beginning 
at the ascendant.” 

A diagram of the influences of the dreskdanas, or thirds of the zodiacal signs, 
at that same nativity moment is shown in Figure 4.69, entitled atha bhratraja- 


2The horoscope is cast for Samvat 1903/Saka 1768, Winter, Karttika-mdsa, krsnapaksa, 12th tithi, 
48th ghati, 49th pala, Sunday (15th November 1846). 

'5Note that this table illustrates the astrological convention of unequal house division: In 
quadrants | and 3, i.e., houses 1-3 and 7-9, the total length of each house is 2 x 12°;54,20 or 
one-third of the ecliptic arc between the ascendant and the meridian. The length of each of the 
remaining houses in the other two quadrants is 2 x 17°;5;40. 
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Fig. 4.68 Astrological 
houses or bhavas from a 
nativity horoscope (UC MB 
680). The longitude at the 
cusp of each numbered house 
is immediately followed by 
that of the samdhi or junction 
between that and the next 
house. 
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sukhavilokanarthe dreskanam “Now, the dreskdana for the sake of investigating the 
happiness derived from brothers.” In the diagram, the abbreviation for each planet as 
well as the ascendant is marked in the sign allotted to the particular dreskana within 
which that planet’s (or ascendant’s) longitude falls. The underlying scheme is laid 
out in the table of dreskanas, grouped with tables of other vargas or subdivisions of 
the zodiac, shown in the top left of Figure 4.70 derived from a different manuscript. 

In each of the varga tables in Figure 4.70 the argument is split between the 
horizontal axis (zodiacal signs 0Q—11/Aries—Pisces) and the vertical axis (integer and 
fractional degrees of the subdivision of the sign). The table entries are the sign 
number and corresponding planetary lord (as enumerated in Table 1.1) assigned to 
each successive subdivision of each sign. 

Figure 4.70 also shows a table of planetary relationships, with the argument split 
between the horizontal axis (abbreviated names of the planets in weekday order) 
and the vertical axis (the relations of friendship, neutrality, and enmity). Each entry 
contains the abbreviated name of the planet that stands in the given relation to the 
given planet.!4 


'4These table entries reflect the traditional associations attested in the Brhajjataka (2.15-17) except 
for the inclusion of Rahu as the enemy of sun and moon (Jha 1934, pp. 33-37; Aiyar 1905, pp. 
20-21). 
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Fig. 4.69 Diagram of the 
planets’ dreskanas from a 
nativity horoscope (UC MB 
680). 


The astrological importance of the naksatras is illustrated by the tables shown 
in Figure 4.71. The upper folio, from a fragment of an unidentified astrological 
manuscript, contains two purely cartographic tables of the boundaries of the 28 
naksatras and their quarters. The first of these, entitled naksatracarakosthakah 
“table of the naksatra-sequence,” tabulates the beginnings of the 27 naksatras in 
zodiacal signs (0/Aries—11/Pisces), degrees, and minutes, with a constant length 
of 13°;20. Interspersed among them are the boundaries of the zodiacal signs from 
the end of Aries to the end of Aquarius: where a naksatra-boundary and sign- 
boundary coincide at longitudes 120° (beginning of Magha/end of Cancer) and 
240° (beginning of Mila/end of Scorpio), the sign abbreviation is written above 
the naksatra one. The following table, entitled atha padacarakosthakah “Now, the 
table of the sequence of the quarters,” tabulates the beginnings of the 108 successive 
3°;20 arcs, four in each naksatra. 

The table appearing in the lower folio, from a manuscript of the Karanakesa- 
ri, enumerates various birth-categories (yonivicdrah) associated with the 28 naksa- 
tras (including the additional naksatra Abhijit). In it, Row | records the designated 
animal or yoni, Row 2 the order of being (divine, demonic, human), and Row 3 the 
altitude (high, middle, low). The table heading reads atha naksatranam yonivicadrah 
“Now, the birth-categories of the naksatras.” 

Figure 4.72 shows tables of planetary astakavargas from a fragment of a work 
entitled Muktdavali (Pingree 1968, p. 33). Starting with the sun and ending with 


4.13 Astrological tables 185 


Se ae 


fa) 2 |] 
dec 


Pals ule lee [atolals Ie es. 
fr man tandaxmasecevinaanie Gar 
arava Sere scree 


aia 
4 


vo 


GRRSoRAOGaSC 10 
CECE UCI OL Graco ee 
Sohagiea nS 


| ; se [sre 
ay pelea betel fe : 
wc a La ha id cd 


| perce ree 
Ri PRT | 


Fig. 4.70 Astrological tables from a fragment of an unidentified astrological manuscript (Smith 
Indic MB XXXVII). Top (f. Lr): Excerpts from tables for the vargas or divisions of zodiacal signs, 
with divisors 2, 3, and 4 (left side) and 5 and 6 (right side). Bottom (f. 2v): More varga tables with 
divisors 12 and 30 (left and upper right); table of planetary friendships (lower right). 


Rahu, each planet is assigned a table with eight columns, one for each of the seven 
bright planets and the ascendant. The table entries are the various house-positions 1— 
12 (relative to the house of the specified object) in which that planet has auspicious 
effect.!° 

The preceding examples barely scratch the surface of the innumerable quantities 
that can be tabulated for astrological purposes. For instance, in Figure 4.73 is shown 
a miscellaneous astrological table from the same manuscript of the Karanakesari 
appearing in Figure 4.71. It tabulates the lords of eclipses (parvesah), deities 
assigned to various intervals in months that separate successive eclipse possibili- 


'SThese assignments appear to be based on those given in Varahamihira’s Brhajjdtaka (Jha 1934, 
pp. 135-145; Aiyar 1905, pp. 97-99). 
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Fig. 4.71 Top: Table of longitudes of the boundaries of the naksatras and their quarters in an 
unidentified astrological manuscript (Smith Indic MB XXXII f. 4v). Bottom: Table of birth- 
categories for the naksatras in a manuscript of the Karanakesari (Smith Indic MB XIV f. 11v). 
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Fig. 4.72 Tables of planetary astakavargas from a manuscript of the Muktavali (Smith Indic MB 
LXXVIII f. 3v). 
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Fig. 4.73 Table of lords of eclipses from a manuscript of the Karanakesari (Smith Indic MB XIV 
f. 5v). 


ties.!° The table heading reads atha sapdatacamdrasiryardsyumpariparvesajnanam 
rasinadm cakrasodhya vind “Now, the knowledge of the lords of eclipses without 
cycle elimination [i.e., without subtracting integer multiples of 12?].” 


'©The scheme is similar to that given in Varahamihira’s Brhatsamhita (5.19) (Subrahmanya Sastri 
and Bhat 1946, p. 50; Kern 1865, p. 26). 


Chapter 5 ®) 
The evolution of the table-text genre nn 


The early development of Sanskrit astronomical tables described in Section 1.5 
blossomed by the mid-second millennium into the profuse variety of table-text 
types categorized in Section 2.3, whose typical components were analyzed in 
more detail in Chapter 4. As numerical tables became more central to the work 
of astronomers/astrologers, the mathematical ingenuity of jyotisa authors to some 
extent shifted its focus. Algorithms directing users how to compute a desired 
quantity were supplemented and then partly supplanted by techniques for producing 
and arranging pre-computed data so that users could simply look up the desired 
quantity. We argue that at least part of what has long been conventionally described 
as a “decline” in the innovative development of Sanskrit astronomy after the 
twelfth century might be more accurately called an “occultation” of it, as the 
formats of increasingly popular table texts removed a larger share of their authors’ 
mathematical efforts from the direct scrutiny of their readers. The following 
discussion explores some of the major passages in that long and vigorous growth 
by surveying several individual kosthaka works that seem to us to highlight some of 
its important characteristics. 


5.1 Rdajamrganka of Bhojaraja 


An astronomical manual in perhaps several hundred verses called Rajamrgdanka 
(“Moon of the King’) is ascribed to the famous monarch Bhoja or Bhojaraja (d. 
1055) of the Rajput Paramara dynasty, rulers of the Malwa region in central/western 
India from about the ninth to the thirteenth century.! The Rajamrgdarka’s known 
manuscripts preserve various widely differing versions, all of which omit many of 


'Tables from manuscripts of this work are illustrated in Figures 4.1, 4.33, 4.50, 4.62, and 4.63. 
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the quoted verses attributed to it in the works of other authors, so an authoritative 
original text has yet to be established although a provisional critical edition was 
published in Pingree (1987b). Indeed, the Rajamrganka may possibly have been 
produced in collaboration with (or even solely by) court scholars, especially 
considering that Bhoja has been credited with the authorship of at least dozens of 
other erudite technical works, in addition to his very active political and military 
career (Raghavan 2006). If so, a definitive original text may never have existed 
in a unique form. Whatever the details of its origin and textual content, the 
Rdjamrgarika’s epoch date is firmly attested as the start of Saka year 964 (Tuesday 
23 February 1042). 

In its models and parameters the Rajamrganka adheres to the Brahmapaksa 
school (see Section 1.2.3 and Appendix B.2), besides employing the bias or 
correction constants typical of second-millennium texts. Its verses largely follow the 
tradition of earlier Sanskrit astronomical handbooks in prescribing algorithms for 
the computation of various astronomical quantities beginning with the accumulated 
days since epoch, the associated mean celestial positions and their correction to true 
ones, etc. This is consistent with the work’s explicit identification with the handbook 
or karana genre, asserted in the second verse of the edition (and in almost identical 
verses in the other known versions) (Pingree 1987b, p. 4, verse 1.2): 


vdasanasarasarvasvam nihpannam laghukarmavat || 
briimo radjamrgankakhyam jyotisam karanam sphutam || 2 || 


We state the correct karana of the [positions of the] heavenly bodies, named Rajamrgdanka, 
the entirety of the epitome of demonstrations effected like an easy task. 


The term karana is repeated in a subsequent verse (Pingree 1987b, p. 4, verse 1.8), 
as well as in the text’s final verse and colophon (Pingree 1987b, p. 42, verse 8.81): 


sarvabhipdlavandyena tena Sribhojabhibhuja || 

mrgdnkasamjiakaranam cakre sarvestasiddhaye || 81 || 

iti maharajadhirdjasribhojadevakrte mrgankanadmnikarane  grahayutyddir adhydyo 
*stamah || samaptam rajamrgankasamjniam karanam || 


By that king Lord Bhoja who is revered by all kings, the kKarana named Rdjamrganka has 
[been] made for the achievement of all desires. 

Thus in the karana named Mrgdnka, made by the great king of kings His Majesty Lord 
Bhoja, the eighth chapter beginning with planetary conjunction. The karana known as Rdja- 
mrganka is complete. 


The commentary on the Khandakhadyaka of Brahmagupta composed around 1200 
by Amaraja similarly refers to the Rajamrgarka as a karana (Misra 1925, p. 75). 
Despite its karana label, the Rajamrganka significantly departs from the tradi- 
tional format of the self-contained verse handbook by frequently invoking a separate 
collection of numerical tables on which many of its computations depend. In fact, 
separate karana and kosthaka versions of the work are designated in Pingree (2003, 
p. 23). For instance, the content of chapter 2, dedicated to computing true planetary 
positions and velocities, refers several times to kosthakas in the sense of table 
entries, as in the following example of verses treating the mandaphala (manda- 
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equation, or first correction to a planet’s mean longitude, see Section 2.1.2). These 
verses instruct the reader to use the planet’s first orbital anomaly (manda-kendra) to 
interpolate in the appropriate table of its longitude correction or equation (Pingree 
1987b, p. 7, verses 2.20—21): 


kendrad bhujam vidhayatha tatah sadhya bhujamsakah || 
bhujamsasammitah kostho grahyo mandaphalasya tu || 20 || 


sa bhuktakosthako jiieyas tadesyavivarahatam || 
vikalam sastisambhaktam phalam gataphalanvitam || 21 || 


Now, determining the arc [reduced to the first quadrant, i.e., the bhuja] from the anomaly 
(kendra), the [integer] degrees of the bhuja are to be found. The table-entry of the manda- 
equation commensurate with the degrees of the bhuja is to be taken. 


That is to be understood as the ‘elapsed’ table-entry. The arcminute [fractional part of the 
given bhuja] is multiplied by the difference of that and the next [table-entry] and divided by 
60. The result is added to the [manda-]equation [in] the ‘elapsed’ [table-entry]. 


A typical karana would provide instead a maximum manda-equation parameter and 
an algorithm employing that parameter in some mathematical relation between the 
anomaly and the equation—or at least a versified table of equation values as part of 
its textual content (see Sections 5.3.1 and 5.6.1). But the Rajamrganka’s rule reaches 
outside its text entirely to fetch the requisite data from a kosthaka or numerical array 
of values, rendering the verses incomplete or even meaningless without the tables. 
In other cases these two approaches, the algorithmic and the table-based, are 
prescribed concurrently (and redundantly). For instance, the following group of 
verses comprises two independent rules for determining lunar latitude. The first 
specifies a self-contained algorithm approximating the latitude as the maximum 
latitude 270’ scaled by the R sin of elongation of the moon from its node. The second 
requires look-up in a table of latitude values (Pingree 1987b, p. 14, verses 3.34—36)*: 


patonacandradorjivam khabhaih samgunayet tatah || 
candrakarnena yallabdham sa viksepo nisadpateh || 34 || 


patonacandrasya bhujad bhujamsan sadhayet tatah \| 
tadamSasammitah kosthas tadesyavivarahatam || 35 || 


vikalam sastibhaktam tu phalam gataphalanvitam || 
evam krte va yaj jatam sa viksepo niSsapateh || 36 || 


One should multiply the R sin of the arc [of the longitude] of the moon diminished by [that 
of] the node by 270. The quotient from [dividing] that by the moon’s hypotenuse [? rather 
than the trigonometric radius R?] is the latitude of the night-lord (moon). 


?There are many examples in other jyotisa works of multiple algorithms prescribed for computing 
the same quantity, or algorithms offered as alternatives to versified lists of pre-computed values. 
See, for example, the Karanakutihala’s list of ecliptic declination-differences followed by an 
algebraic approximation for finding declination (Mishra 1991, pp. 43-44, verses 3.13-15). But the 
closest parallel we have found to an instruction calling for look-up in a pre-computed table outside 
the verse text is Vatesvara’s reference in the 905 Vatesvarasiddhanta to interpolating within a set 
of approximate values of planetary equations constructed from scaled multiples of the tabulated 
R sin-differences (Shukla 1986, vol. 1, p. 121, verse 2.5.2). 
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From the arc of the [longitude of the] moon diminished by [that of] the node, one 
should determine the [integer] degrees of the arc. From that, the [“elapsed”’] table-entry 
commensurate with that degree [is found]. The arcminute [fractional part of the given arc] 
is multiplied by the difference of that and the next [table-entry] and divided by 60. The result 
is added to the “elapsed” result [in the table-entry]. When [the computation] is alternatively 
done thus, what results is the latitude of the night-lord (moon). 


Such combinations indicate the hybrid nature of the text, with both trigonometric 
algorithms and pre-computed tables offered for the user’s choice. 

The Rajamrgdanka is clearly an offshoot of the karana genre, but not obviously 
derived from known earlier sources or inspirations within this genre. It does not 
strongly resemble, for instance, the drastically concise karana called Laghumanasa 
from about a century earlier, which contains no graphical-numeric tables and 
indeed hardly any versified verbal ones (Shukla 1990). Some of its own subsequent 
impacts are somewhat easier to trace: in particular, the Grahajidana of Asadhara 
(see Section 5.2) is largely based on this work. And as a karana, the Rajamrganka 
apparently influenced the Karanakutihala composed by Bhaskara II about a century 
later, in which some of the earlier work’s algebraic approximation algorithms for, 
e.g., gnomon-shadow computations seem to have been adapted and developed 
(Plofker 2019). Bhaskara, however, did not follow the Rdjamrganka’s hybrid 
karanalkosthaka approach in the Karanakutihala, firmly maintaining the earlier 
tradition of the standalone verse handbook. 


5.2. Grahajitana of Asadhara 


Almost a century after the Rajamrgdanka, the Grahajnana (“Knowledge of the 
planets”) was composed by Asadhara, an astronomer working most probably under 
Jayasimha Siddharaja (r. 1015-1043) of the Chalukya dynasty in the western 
Deccan.* The Grahajfdna in its extant form deals almost exclusively with the 
positions of the five star-planets, omitting the refinements of lunar and solar motion 
required for timekeeping, calendar maintenance, and computation of eclipses. Its 
text and accompanying tables constitute the first known kosthaka work employing 
the so-called mean-to-true arrangement (see Section 2.3) that was later widely 
popularized by the Mahddevi of Mahadeva. The exact form of the original text is not 
conclusively determined but it appears to have contained somewhere around 20-30 
verses, now preserved in various recensions in at least seventeen manuscripts. A 
commentary called the Asadharadipika, known from one surviving manuscript, was 
composed in 1554 (Pingree 1989, pp. 33-36). 

The first two verses of the text assert Asadhara’s adherence to the Brahmapaksa 
and establish his epoch as the beginning of Saka year 1054 (falling in March 1132 


3A table from a manuscript of this work is shown in Figure 4.7. For more information about the 
work and its author see Pingree (1989), Pingree (1970-94, A1.54, A2.16, A3.16, A4.28), Pingree 
(1973, pp. 69-72), and Pingree (1981, p. 42). 
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CE). The opening verse also proclaims the convenience of the Grahajfiana’s mean- 
to-true procedures in eliminating the separate computation of orbital corrections 
(Pingree 1989, p. 6, verse 1): 


brahmesdacyutacandravitsitaraviksonisutejyarkajan 

naksatrani sarasvatim ganapatim natva prthagbhaktitah || 
Sribrahmoktaparisphutopakaranair bhaumddayo ydadrsas 

tattulyanayanam bravimi sukhadam mandasupatair vind || | || 

Praising Brahman, Siva, Visnu, the Moon, Mercury, Venus, the Sun, Mars, Jupiter, Saturn, 
the naksatras, Sarasvati [and] GaneSa separately and in succession, I state a pleasant 
computation equal to whatever [longitudes of the] planets beginning with Mars [are found] 
with the fully correct techniques (upakaranas) spoken by Lord Brahman, without the 
application of manda and sighra [equations]. 


The closing verses include details of Asadhara’s lineage: notably, his father 
Rihlaka is likely to be the same as the Rihliya who is mentioned by Amaraja in 
his commentary on Brahmagupta’s Khandakhddyaka (Misra 1925, p. 23) around 
1200. 


5.2.1 Textual algorithms as alternatives to table use 


The various versions of the Grahajfana suggest in some respects a continuation 
of the karana/kosthaka fluidity observed in parts of the Rajamrganka. This is most 
strongly marked in their juxtaposition of versified algorithms to be applied by the 
user with equivalent tables of values pre-computed by the table compiler using these 
same algorithms. The remainder of this section describes several examples of these 
parallel approaches. 


Annual mean-weekday increment. The determination of the increment in mean 
weekdays (modulo 7) from the epoch date to the start of a given Saka year is 
explained in the second verse (Pingree 1989, p. 6, verse 2): 

Sako ’bdhibanadasabhir viyuto hato ’Svi- 

banaih prthak SaSinavastanrpaptahinah || 

candrabhrayugmavihrtah phalam abdayuktam 

saptoddhrtam bhavati sankramanadhruvo ’yam || 2 || 


The Saka year is diminished by 1054 and [the result] multiplied by 52; [the product] is 
separately divided by 16891 and diminished [by the quotient, and then] divided by 201. 
The result is added to the years [elapsed since epoch and] divided by seven; this [quotient] 
becomes the dhruva (fixed amount) at samkranti (start of solar year). 


That is, the number y of elapsed integer mean solar years since the epoch at the 
start of Saka 1054 contains, over and above the y times 52 times 7 days contained 
in its integer weeks, an additional y integer days plus fractional days roughly equal 
im 52y — 52y/16891 


201 


x y-0;15,31,17,17. The remainder modulo 7 of this sum is 
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Fig. 5.1 Weekday-increment tables from the Grahajiidna (10 2464c f. 1v). 


Table 5.1 Characteristics of the weekday-increment tables in the Grahajiidna (IO 2464c f. lv). 


Argument range (years) Constant difference (weekdays modulo 7) 
1-9 1;15,31,17,17 

10-90 5;35,12,52,50 

100-900 6;52,8,48,20 

1000-10,000 5;41,28,3,20 


the offset in mean weekdays from the start of the epoch year to the start of the given 
year. 

But we also see among the manuscripts of the Grahajndna an alternative (or 
supplementary?) approach to this computation, in tabular form. This is illustrated 
in Figure 5.1 by the tabulated multiples of the abovementioned annual fractional 
weekday increment that accumulate in periods ranging from single years, decades, 
and centuries up to 10,000 years (see Table 5.1). Essentially, the table compiler has 
broken down the number y for almost any conceivable future year-beginning into 
smaller components, each pre-multiplied by the appropriate multiple of the annual 
increment. So the user need only choose and add up the particular components 
that correspond to his value of y, instead of performing the full multiplication as 
instructed in the above verse. 


Planetary mean longitudes. A similar combination of an algorithm to be carried 
out by the user with an equivalent table from which the user can extract the same 
result via interpolation is seen in the Grahajidna’s methods for finding the current 
mean longitudes of the planets. The algorithm includes the requisite multipliers 
to generate mean longitude increments as well as planetary epoch positions in a 
somewhat unusual form (Pingree 1989, pp. 6-7, verses 4—7): 


bhaumasya vatsaragatir manavah kudasra 
ndgendavo yamayugani nabho bhapiirvah || 
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sthanesu pancasu budhasya yuganyathanga- 

ny agnyasvino ’ksapavanah khayuganyadho ’dhah* || 4 || 
Jivasya netre ’igabhuvo ’bdhirama 

nandesavo ndgabhuvah kramena || 


Sukrasya bhiipds trisaras tridasra 
dantdas tathanka ganakair niruktah || 5 || 


Saner viyadvedasara nagaksah 

kumdargand vahniyamd gatabdaih || 
nighnah svakiyair dhruvakair vihina 
bhavanti saurabdamukhe grahendrah || 6 || 


rudrah saptagunad yamau gunagunad bhaumadhruvo margands 

tattvany aSvagund nrpah SaSisutasyato guror niscalah? || 

ramah sadbhujagabdhayo rasagunah sukrasya riipam radas 

triny ankas ca Saner dasa dviyamala rama radah kirtitah || 7 || 

The yearly velocity of Mars is 14, 21, 18, 42, 0 in five [sexagesimal] places beginning with 
[integer] naksatras; moreover, [that] of [the stghra-apogee of] Mercury is 4, 6, 23, 55, 40 
one below another; [that] of Jupiter 2, 16,34,59,18 in order; [that] of [the sighra- 
apogee of] Venus is proclaimed by calculators [to be] 16, 53, 23, 32,9; [that] of Saturn 
0, 54, 57, 51, 23. [These] are multiplied by the elapsed years [and] diminished by their own 
dhruvas; [they] become [the mean longitudes of] the planets [in units of naksatras] at the 
start of the solar year. 


11, 37, 2, 33 is Mars’s dhruva, 5, 25,37, 16 [that of the sighra-apogee] of the Moon’s 
son [Mercury], then the dhruva of Jupiter is 3, 6, 48, 36, of [the sighra-apogee] of Venus 
1, 32, 3, 9, [and] of Saturn 10, 22, 3, 32 is stated. 


The multiplication of the yearly velocity or annual mean longitude increment (given 
in arc-units of 13°;20 naksatras) by the number of elapsed years since epoch 
produces an integer number of completed revolutions plus a fractional revolution 
or mean longitude at the start of the current year. (The mean longitude increments 
for the lunar node are also tabulated, in this case for 1 to 27 periods of 27 years, 1 
to 27 single-year periods, and 1 to 27 avadhis.) 

According to the verse, the user’s accumulated mean longitude increments for 
the planets in arc-units of naksatras are to be diminished rather than increased by 
the planetary dhruvas or epoch positions to get the desired mean longitudes for the 
start of the current year. This appears to be because the epoch dhruvas are in fact 
“complementary” longitudes: i.e., 27 naksatras or one full circle minus the actual 
epoch mean longitudes. 

Besides this algorithmic approach, the Grahajfiana supplies pre-computed tables 
of such mean longitude increments also in naksatras (modulo complete revolutions). 
The tables cover Mars, Mercury’s sighra-apogee, Jupiter, Venus’s sighra-apogee, 
and Saturn for time intervals of 1 to 9 single years, 1 to 9 decades, 1 to 9 
centuries, and | to 10 millennia. Figure 5.2 illustrates their structure with the mean 
longitudinal displacement tables for Mars. 


4The edition reads svayugdnyadho at the end of this verse. 
5The edition reads asvi “2” for asva “7” in this line. 
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Fig. 5.2 Mean longitudinal displacement tables from the Grahajfiana (IO 2464c f. 2r, Mars) 
including the epoch adjustment (ksepa; second column, first row) and the bia (third column, first 
row). 


Synodic phenomena. The periods in days of retrogradation and direct motion for 
each star-planet are specified in the following verse (Pingree 1989, p. 8, verse 14): 
vakrah sagaraparvatas trinayand dvyarka navambhodhayas 
candrendra rnabhuktija dhanagatau sadvyomasailah kramait || 
tryankah saptanagasvino ’ksahutabhugband nagatryasvino 
bhaumdader grahamandalasya divasa margdditah kirtitah || 14 || 
Retrogradations: 73, 23, 122, 49, 141, with negative velocity; in positive velocity 706, 93, 


277, 535, 237 respectively are the declared days of [each] planetary cycle beginning with 
Mars from the start of [its] direct motion. 


Figure 5.3 illustrates a crude tabular approximation of this data in the tables of 
true motion for Mercury. The velocity value in the second row of the entry for a true 
longitude when the planet is retrograde is marked negative with a & symbol, while 
the corresponding velocity value after the next reversal of the planet’s direction is 
marked positive. 


5.2.2 Textual instructions for table use 


The core of the Grahajndna as a table text is its extensive set of tables of true 
planetary longitudes. Each planet has 360/13;20 = 27 such tables, one for 
each successive naksatra of mean longitude (although the only known manuscript 
witness to these tables omits the ones for Venus and Saturn). The user enters them 
with a given mean longitude (in integer and fractional naksatras) of a desired planet 
for a desired time and interpolates in two dimensions: between successive tables 
depending on the position of the planet, and between successive entries within a 
table depending on the mean position of the sun. 
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Fig. 5.3. True longitude tables from the Grahajnidna (RAS Tod 36c f. Ir, Mercury, pankti 8 and 9) 
indicating changes between negative and positive true velocity (i.e., retrograde and direct motion) 
with sign markers in the second row of the tables. 


For instance, consider the two successive tables (panktis) of Mercury’s true longi- 
tude for 7 and 8 completed naksatras, respectively, of mean longitude in Figure 5.3. 
Suppose a user wishes to compute Mercury’s true longitude corresponding to its 
mean longitude of 7;20 naksatras at a time when the mean sun’s position is 4;30 
naksatras. The first step would be to find the midpoint between the fifth and sixth 
true longitude entries in each table (in accordance with the fractional part of the 
sun’s position), after which one would interpolate one-third of the way between 
those two results (in accordance with the fractional part of Mercury’s position) to 
arrive at the desired true longitude. 

This procedure is described by Asadhara in the following two verses, emphasiz- 
ing the interpolation between successive tables (Pingree 1989, p. 7, verses 8-9): 


yavanti bhuktani bhavanty udini 
kujadikair abdamukhe grahendraih || 
tattulyapanktyamSaSsarah sphutdas te 
surye ’Svinimukhagate kramena || 8 || 


However many [integer] naksatras [of mean longitude have been] completed at the 
beginning of the year by the planets beginning with Mars, [their] true [positions] are the 
degrees [of longitude and] latitude in the [true-longitude] table (panikti) commensurate with 
that, when the sun is in [the naksatras] beginning with ASsvint, in order. 


gataisyapanktyudbhavakhetayos ca 
prthag lavadyantaram eva kuryat || 
svarnam ghatighnam kharasaptam esyan 
yunddhike bhuktanabhascarendre || 9 || 


And one should make the difference in degrees etc. of the two [true longitudes of the] planet 
in the elapsed and next [true-longitude] tables separately. [That difference] multiplied by the 
sixtieths [i.e., the fractional part of the planet’s mean longitude], divided by 60, [is applied] 
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positively or negatively when the past [longitude of the] planet is less or greater than the 
future one [respectively]. 


Here the textual content is devoted exclusively to specifying the techniques for 
table use, rather than expounding algorithmic methods as alternatives to tables. It 
should be reiterated that the incoherence of the surviving versions of the work makes 
it very difficult to determine exactly how its author originally structured it, and how 
its structure was altered by later scribes. But it seems likely that no verse algorithms 
for independently reproducing the tabulated true longitudes ever formed part of the 
Grahajiidna: such computational schemes remained buried in the table data. 


5.2.3. Influences and impacts 


The textual and scribal history of the Grahajiidana, as far as we know it, places 
it unambiguously in western India and in the tradition of the Rajamrganka. The 
explicit connection between the two works is limited to one line quoted without 
attribution from the earlier work in a commentary on the later one, namely the 
Asadharadipika composed in 1554.° But the anonymous commentator’s inference 
about their relationship seems plausible. More far-reaching is Pingree’s hypothesis 
that the fundamental form of the Grahajfidna’s mean-to-true structure originated 
in the seventh-century Dhydnagrahopadesadhyaya, a supplementary chapter to 
Brahmagupta’s seminal siddhanta work Brahmasphutasiddhanta of 628 (Dvivedi 
1901-1902). (The Dhyanagrahopadesadhyaya does employ naksatra arc-units but 
prescribes planetary equations in typical mean-with-equation form.) 

Almost all of the Grahajfdna’s attested text was subsequently incorporated 
into the 120 verses of a karana composed in around 1580, the Ganitactidamani 
of Harihara. Near the end of the text, Harihara explicitly invokes the works of 
Asadhara and Bhojaraja, as well as the Karanakutihala of Bhaskara and the 
Laghukhecarasiddhi derived from it (both discussed in the following section) and a 
Paficangapattra (Pingree 1989, p. 32):’ 

kutihalad rajamrgankad va 

asadharat khecarasiddhitas tu || 

panicangapatrad vidadhita khetan 

spastan sukhartham punar atra samyak || 114 || 

From the [Karana-]kutuhala or the Rajamrganka, from Asadhara and the Khecarasiddhi, 


[or] from the Paficadngapatra, one could establish [the positions of] the true planets; 
however, for the sake of simplicity, here [in this work it is] correctly [done]. 


6See, for this and the following references to Harihara, the combined edition of the Grahajnana 
and the Ganitaciidamani published in Pingree (1989). 

This Paficangapattra may refer to the approximately contemporary Candrarki of Dinakara, who 
introduces the work as a patra “leaflet” called paficdnga “calendar/almanac’’, see Kolachana et al. 
(2018). 
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5.3 Brahmatulyasarani and Laghukhecarasiddhi 


5.3.1 The Karanakutihala of Bhaskara 


The two table texts treated in this section are adaptations of the renowned handbook 
Karanakutihala (“Wonder of karanas”) composed by Bhaskara II with epoch date 
Saka 1105 (23 February 1183), also known as the Brahmatulya (“equal to the 
Brahmapaksa’’). It is the first identifiable karana text to have been systematically 
recast by later authors in table-text form. Some of its characteristic formulas that 
they relied on are discussed below; see Sections 2.1.2 and 2.1.5 for related details. 


manda-equation. For the planetary longitude equation jz or correction derived 
from the manda-anomaly, the Karanakutihala prescribes the following approxi- 
mation algorithm (Mishra 1991, p. 23, verses 2.9-10ab): 

stiryadikanam mrdukendradorjya 

digghni vibhajya ca svapajicabanaih || 

nadgdgnidasrair giripiirnacandrai- 

rvasvankabhimirvasunetranetraih || 9 || 

yugdstasailair munipaticacandraih 

phalam lavah kendravasad dhanarnam || 


The Sines of the manda-anomalies [of the planets] beginning with the sun are to be 
multiplied by 10 and divided by 550, 238, 107, 198, 228, 784, [and] 157. The result in 
degrees [is] positive or negative according to [the value of] the anomaly. 


This rule is equivalent to the following expression: 


10 


x 120sinky - ———————_ 
id ss manda-divisor 


where the “manda-divisor” is a parameter customized for each planet, as shown in 
column 2 of Table 5.2. The resulting manda-equation or jz values are to be applied 
positively or negatively depending on what quadrant the anomaly falls in. 


M 
manda velocity correction. The planetary velocity correction A, due to the 


manda-anomaly is determined in the Karanakutihala as follows (Mishra 1991, 
p. 24, verses 2.1 1cd—12): 


Table 5.2 Planetary 


near Planet Manda-divisor | Velocity-correction factor 
arameters for : : 
a ae according Sun 550 19 
to the Karanakutiihala’s Moon 238 13/4 
approximations. Column 2: Mars 107 2/7 
Divisors for computing the Mercury | 198 2/7 
manda-equation. Column 3: Jupiter 228 1/50 
Scale factors for the velocity 
Venus 784 1/12 


correction. 
Saturn 157 1/120 
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svabhogyakhandam navahrtkharamsor 
visvahatam vedahrtam himdsoh || 11 || 
dvighnam nagaptam kujasaumyayosca 
khaksair inaih kharkamitais ca bhaktam || 
jivadikanam ca gateh phalam tat 

svarnam kramat karkamrgdGdikendre || 12 || 


Its own current [R sin-]difference [of the manda-anomaly] is divided by 9 in [the case of] 
the sun; multiplied by 13 [and] divided by 4 in [the case of] the moon; multiplied by 2 [and] 
divided by 7 in [the case of] Mars and Mercury; divided by 50, 12 and 120 [respectively 
in the case] of [the remaining planets] beginning with Jupiter. That is the correction of the 
velocity, [applied] positively [or] negatively according as the anomaly is in [the six signs] 
beginning with Cancer [or] Capricorn. 


This algorithm approximates the Siddhdntasiromani formula 


M 
Avy = (U— vAy) cosKy : (rm /R) 


by 
M . 
Ay © ARsinky - scale factor 


where ARsink«y is the value in the Karanakutihala’s R sin-difference table 
corresponding to the 10° interval within which the anomaly «jy falls. (See Mishra 
(1991, p. 21, verses 2.6-7) and column 3 of Table 5.3 for these R sin-differences.) 
This R sin-difference is a fairly crude substitute for the Rcosxy in the previous 
formula; it is then simply multiplied by a scale factor tailored to the given planet, as 
shown in column 3 of Table 5.2 (Montelle and Plofker 2015, pp. 15-16). 

Sample values resulting from these approximations for solar anomaly values at 
10° intervals are listed in Table 5.3. 


Table 5.3. The solar manda-equation and corresponding velocity-correction (gatiphala) recon- 
structed from the Karanakutuhala’s approximation formulas for each multiple of 10° of anomaly in 
the first quadrant. Column 5 is computed by multiplying the solar scale factor 1/9 by the successive 
Karanakutihala R sin-differences in column 3. 


Anomaly (°) Rsin AR sin manda-equation (°) gatiphala (') 
ie ot py | 0;22,54,... 2:20,0 
20 41 20 0;44,43,... 2;13,20 

30 60 19 153273 2;6,40 

40 77 17 1;24 1;53,20 

50 92 15 1;40,21,... 1;40,0 

60 104 12 1353,27,.++ 1;20,0 

70 113 9 2;3,16,... 1;0,0 

80 118 5 2;8,43,... 0;33,20 


90 120 2 2;10,54,. . . 0;13,20 


5.3. Brahmatulyasarani and Laghukhecarasiddhi 201 


manda-correction for Mars. The Karanakutihala additionally defines a special 
manda-correction for Mars as dependent on the sighra-anomaly or elongation 
between Mars and the mean sun (Mishra 1991, p. 20, verse 2.5)8: 


bhaumdsukendre padayatagamya- 
svalpasya liptah khakhavedabhaktah || 
labdhaémSakaih karkamrgddikendre 
hindnvitam spastam asrimrdiccam || 5 || 


In the case of Mars’s sighra-anomaly, the minutes of [whichever is] the lesser of [the part] 
past and [the part] to come of [its] quadrant are divided by 400. Depending on whether the 
anomaly is in [the semicircle] beginning with Cancer or Capricorn, [the longitude of] the 
manda-apogee of Mars diminished or increased [respectively] by the degrees of the quotient 
is correct. 


That is, for every degree of synodic elongation between Mars and its nearest point of 
conjunction, opposition, or quadrature, the longitude of its manda-apogee changes 
by 9 arcminutes. If the planet is within 90° of opposition, the apogee longitude is 
increased by this amount, or decreased by it if Mars is within 90° of conjunction. 


Right ascensions. The Karanakutiihala states the standard three rising-times at 
Lanka (see Figure 4.21) as follows (Mishra 1991, p. 35, verse 3.1): 


lankodayd nadgaturangadasra | 
gonkasvino ramarada vinddyah || 
kramotkramasthas carakhandakaih svaih | 
kramotkramasthais ca vihinayuktah || 1 || 


The rising times at Lanka [for the first three zodiacal signs are] 278, 299, and 323, [measured 
in] vinddis. [These right ascensions] in order and reversed are [respectively] decreased and 
increased by [one’s] own ascensional differences [to produce oblique ascensions]. 


The two kosthaka versions of the Karanakutuhala discussed here, the anonymous 
Brahmatulyasarani and the Laghukhecarasiddhi of Sridhara, illustrate how differ- 
ently the same handbook can be regarded for the purpose of adaptation into tables.” 


5.3.2 Brahmatulyasarani: Overview 


Other than its title and a brief reference in one verse to an algorithm “stated in the ka- 
rana,” this kosthaka makes no direct claim about its relationship to the Karanakutu- 
hala/Brahmatulya of Bhaskara. In fact, it contains no statement at all concerning its 
authorship, date of composition, or other identifying information.!° Furthermore, 


8This rule follows Bhaskara’s own Siddhantasiromani (Sastri 1989, p. 46, verses 2.24—25). For 
details see Montelle and Plofker (2015, pp. 26-28) and Plofker (Forthcoming). 

°The textual content of the Brahmatulyasarani has been edited with a translation and study in 
Montelle and Plofker (2015), which, however, omits to mention some of its extant manuscripts. 
The Laghukhecarasiddhi is edited and discussed in Pingree (1976). 

'0There exists a work entitled Karanakutihala-gata-sdrani composed by one Nagadatta (Pingree 
1970-94, A5.166), but the relation, if any, between this work and the Brahmatulyasdrani remains 


202 5 The evolution of the table-text genre 


only two of its eleven known manuscripts are explicitly titled Brahmatulyasarani, 
although similarities of content establish their common identity. But its adoption of 
the karana’s 1183 epoch date and the evident influence of the Karanakutihala’s 
text on both its numerical data and its verses confirm its derivation from Bhas- 
kara’s handbook, although various bijas and other corrections appended to the tables 
suggest that it was in use several centuries later than Bhaskara’s date (Montelle and 
Plofker 2015, p. 3). 

The Brahmatulyasarani’s verses, numbering around ten and appearing only in 
a minority of its known manuscripts, contain primarily instructions for using its 
tables. The introductory verse sets out the aims of the work: 


natva vallabhanandanam tadanugopalamhripadmadvayam 
jnatva sriguruvakyato hy aharnigam [drstva] dyum evadhuna || 
siddhantesu yathoktakhecaravidhi[bhya]h spastakostam muhur 
madhyaspastavibhagato grahagandat kurve dinaughdd aham || | || 


Saluting Vallabhanandana [?] and after him the two lotus feet of Visnu, having learned 
from the word of the revered teacher and having observed the heavens themselves by day 
and night, now I shall compute an accurate set of tables from the rules of the planets as 
spoken in the siddhantas, separately for mean and true [quantities], for the various planets, 
from the accumulated days. 


5.3.3. Laghukhecarasiddhi: Overview 


The Laghukhecarasiddhi (“Easy determination of the planets”) was composed for 
epoch Saka 1149 (Saturday 20 March 1227) by the astronomer Sridhara.!! It 
contains a set of planetary tables with an accompanying text of twenty-one verses. 
The distribution of the surviving manuscripts (three which have been studied, and 
a few at present unknown except by title) suggests that Sridhara was located in 
western India.'* The opening and closing verses and the colophon contain all the 
available details concerning its composition: 

narayanam Ssridharapddapadmam 

pardyanam punyavatam pranamya || 

Sribrahmasiddhantasamam karomi 


to be investigated. Tables from the Brahmatulyasdrani are shown in the manuscript images in 
Figures 2.15, 3.3, 4.2, 4.9, 4.13, and 4.28. 


'lThe scribe of Manuscript L (Pingree 1976) notes that this is 16,096 days from 23 February 
1183 epoch of Bhaskara II’s Karanakutihala. This number is equivalent to 4 x 4016, the latter 
number being a fundamental time period used in Ganega’s Grahalaghava (see Section 4.1). Various 
tables from the Laghukhecarasiddhi are shown in the manuscript images in Figures 2.14, 2.16, 3.6, 
and 4.18. 

There is some evidence that he may have been working in Khandega, in the territory of the 
Yadavas, where perhaps he encountered two of Bhaskara II’s relatives who were astrologers at the 
court of Singhana (ca. 1210-1246), the Yadava monarch of Devagiri (Pingree 1976, p. 2). 
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Srigridharah khecarasiddhim alpam || | || 
nandabdhirudronasako [...] 


Having bowed to Narayana, the lotus-footed Visnu, [and] the totality of the auspicious 
ones [?], I, the eminent Sridhara, construct [this] brief Khecarasiddhi equal to the sacred 
Brahmasiddhanta. The Saka [year] diminished by 1149 [.. .] 


patikuttakabijagolasahitan ganitan paitimahddin vayam 
siddhantan api manmahe pratidinam khetan api prasphutan || 
ity dkarnya vidam vacamsi krpaya Srisridharah prasphutam 
cakre khecarasiddhim indudhavalam satkirtivallim iva || 21 || 


iti Sriganakacakracidamanisrisridharacaryaviracita laghukhecarasiddhih samapta || 


“We consider the mathematics treatises beginning with the Paitamaha, combined with 
arithmetic and indeterminate equations and algebra and spherics, as well as the accurate 
daily [longitudes of the] planets”: having thus heard the statements of the wise, out of 
compassion I, the eminent Sridhara, have made the accurate moon-lovely Khecarasiddhi 
like a vine [?] of good reputation. 


Thus the Laghukhecarasiddhi composed by the eminent teacher Sridhara, the crest-jewel of 
the tribe of excellent mathematicians, is complete. 


It remains unclear whether Sridhara considered his composition an abridgement of 
some existing larger work called Khecarasiddhi, or whether the designation laghu 
was added to its title by later copyists or users. 


5.3.4 Adapting karana algorithms to kosthaka tables 


Tables 5.4 and 5.5 summarize the treatment of various portions of the Karanakuti- 
hala’s content in these two kosthaka texts. The Karanakutihala also contains much 
additional material on the standard “ten chapters” jyotisa topics that is not treated in 
these kosthakas, to wit (Plofker 2016): 


Chapter 3: 16 verses on time and locality 

Chapter 4: 23 verses on lunar eclipses 

Chapter 5: 9 verses on solar eclipses 

Chapter 6: 15 verses on synodic phenomena of the planets (some of which were 
adapted into the Laghukhecarasiddhi, as summarized in Table 5.5) 

Chapter 7: 4 verses on the lunar crescent 

Chapter 8: 6 verses on planetary conjunctions 

Chapter 9: 15 verses on the pdtas 

Chapter 10: 4 verses on syzygies 


The Brahmatulyasarani and Laghukhecarasiddhi provide illuminating (and, as 
far as is currently known, unprecedented) glimpses of procedures by which a 
handbook, or rather a heavily abridged version of a handbook, was recast as a table 
text. The two works sometimes differ widely in how they employ and present their 
source material. An example of this is seen in Figures 5.4 and 5.5, which contain 
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Table 5.4 Comparison of Karanakutihala content and corresponding material in Brahmatulya- 
sdranit and Laghukhecarasiddhi, I. 


Karanakutithala 
verse(s) 


Computation of 
ahargana, 1.2-3 
Planetary epoch mean 
longitudes, 1.4—6 


Algorithms for mean 
longitude computation, 
1.7-12 


Mean daily velocities, 
1.13 


Algorithm for local 
longitude-difference 
correction, 1.14-15 
Corrections for more 
accurate mean 
longitudes, 1.16 
Planetary apogee 
longitudes, 2.1 
Parameters of sighra 
epicycles, 2.2 


Determining argument 
and sign of equation, 
2.3-4 


Algorithms for special 
corrections for 
parameters of Mars, 
2.5-6 


Brahmatulyasarani 

Invokes Karanakutihala 
algorithm, 2 

Incorporated into mean longitude 
increment table 


Tables of mean longitude 
increments 


Invokes local longitude-difference 
correction and ramabijas, 3 


Sometimes stated in equation 
tables paratext 

Incorporated into sighra-equation 
tables (sometimes stated in 
equation tables paratext) 


Table interpolation procedure, 4 


Determining argument and sign of 
equation with interpolation in 
tables, 5—7 


Invokes special table for Mars 
manda-apogee correction, 10 


Laghukhecarasiddhi 
Algorithm similar to 
Karanakutihala’s, 2-3 
Appended to mean longitude 
increment table; instructions 
for combining with mean 
longitude increments, 4 


Tables of mean longitude 
increments 


Algorithm for local 
longitude-difference 
correction, 5 


Incorporated into 
Sighra-equation tables 


Determining argument of 
equation, 6 


Same algorithm as 
Karanakutihala for Mars 
manda-apogee correction, 7 


excerpts from the lunar mean longitude tables of the Laghukhecarasiddhi and the 
Brahmatulyas4arani, respectively. The former tabulates the longitude increments for 
1, 10, and 100 365-day years and for 1, 10, and 100 days, while the latter computes 
them separately for 1-30 days, 1-12 30-day “months,” 1-20 360-day “years,” and 
1-30 20-“year” periods (Montelle and Plofker 2015, pp. 7-9). 

The Karanakutihala’s trigonometric techniques for correcting mean to true 
longitudes were also handled in significantly different ways by Sridhara and 
the author of the Brahmatulyasarani. The Brahmatulyasdrani’s table entries for 
individual degrees within the 10° intervals have evidently been produced by linearly 
interpolating between results thus computed, as we can see from the table excerpt in 
Figure 5.6. But its verse instructions confine themselves to explaining the mechanics 
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Table 5.5 Comparison of Karanakutihala content and corresponding material in Brahmatulya- 
sdrant and Laghukhecarasiddhi, I. 


Karanakutithala verse(s) 


Brahmatulyasarani 


Computation of sine and 
arc values, 2.6-8 


Computation of 
manda-equation, 2.9-10 


Equation of time 
correction for moon, 2.11 


Velocity correction due to 
manda, 2.11-12 


Computation of 
Stghra-equation, 2.13—14 


Iteration of equation 
corrections, 2.14 


Velocity correction due to 
Sighra, 2.15-16 


Equation of time 
correction, precession 
2.16-17 


Computation of 
ascensional differences, 
2.18-19 

Longitude correction due 
to ascensional differences, 
2.19 

Conversion to different 
time-units, 2.20—21 
Planetary synodic 
phenomena, 6.5—7 
Conversion of synodic 
intervals from degrees to 
days, 6.8 

Longitudes of planetary 
nodes, 6.9 


Incorporated into 
manda-equation tables; table 
interpolation procedure, 4 


Incorporated into 
manda-equation tables; table 
interpolation procedure, 5 
Incorporated into 
Sighra-equation tables; 
instructions for table use, 6-7 


Iteration of equation 
corrections, 7 

Velocity correction from table 
entries based on method in 
Siddhantasiromani, 8-9 
Tables of the equation of time 
correction 


Laghukhecarasiddhi 


Incorporated into 
manda-equation tables; 
determining argument and sign 
of equation with interpolation in 
tables, 8 


Table interpolation procedure, 
9-10 


Incorporated into 
Sighra-equation tables; 
instructions for table use, 14-15 
Iteration of equation 
corrections, 16 

Determination of velocity 
correction due to sighra, with 
interpolation, 17-18 


Precession, 10 


Computation of ascensional 
differences and half-equation of 
daylight, 11-12 

Longitude correction due to 
ascensional differences, 13-14 


Conversion to different 
time-units, 19 

Table of planetary synodic 
phenomena 

Conversion of synodic intervals 
from degrees to days, 20 


Table of planetary node 
longitudes 


of interpolation when using the table rather than identifying the algorithm on which 
it was based (Montelle and Plofker 2015, pp. 11-16, verses 4—5): 


kendrasya doramSamitis ca koste 
bhuktam tadagram parabhogyakam ca || 
kaladikam tadvivarahatam tu 
sastyuddhrtam bhuktakamanakena || 4 || 
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Fig. 5.4 Mean longitudinal 
displacement tables from the 
Laghukhecarasiddhi (IO 
2408b f. 5r, Moon) with 
marginal corrections. 
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Fig. 5.5 Mean longitudinal displacement tables from the Brahmatulyasarani (Smith Indic MB 
LVIII f. 1v, Moon). 
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Fig. 5.6 Manda-equation tables (excerpt) from the Brahmatulyasarani (Smith Indic 45 f. 6v, Sun) 
for arguments 70-90. 


The amount in degrees of the arc of the [desired] anomaly (kendra) is [entered] in the table. 
[The table entry for the degree] before that is the “elapsed” (bhukta) and [then] the following 
“future” (bhogya). The minutes etc. [of the argument] are multiplied by the difference of 
those [i.e., the two table entries] and divided by sixty, [and the result increased] by the 
amount of the “elapsed”. 
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yuktam bhaven mandaphalam grahanam 
svarnam kraman mesatulddikendre || 
grahasya bhuktir vivarahatam ca 
sastyuddhrtam kendravasdd dhanarnam || 5 || 


The manda-equation (mandaphala) of the planets should be applied positively or negatively 
[to the mean longitude of the planet] when the anomaly (kendra) is in [the semicircle] 
beginning with Aries or Libra respectively (i.e., when the anomaly is between 0 and 180 
or between 180 and 360 degrees). The velocity of a planet [is modified by the manda- 
correction as follows: the fractional part of the desired value of anomaly], multiplied by 
the difference [between successive entries in the table of velocity-correction (gatiphala)] 
and divided by sixty, [is the increment to the appropriate tabulated gatiphala entry. The 
resulting gatiphala is applied to the mean daily velocity] positively or negatively according 
to [whether] the anomaly [is in quadrants II and III or quadrants IV and I respectively]. 


Sridhara’s approach to this material in the Laghukhecarasiddhi, on the other 
hand, follows the Karanakutihala in computing only nine manda-equation values, 
one for each 10° in the first quadrant of anomaly (Pingree 1976, p. 5, verse 8): 

bhujaémsakah khenduhrtdas tu manda- 

kosthas tadaisyantaranighnasesat || 


digadptayunmandaphalam grahesu 
svarnam svakendre ‘jatulddige sydt || 8 || 


The degrees of the arc divided by 10 [are the arguments for] the table-entries of the manda- 
[equation]. From the [fractional] remainder (esa, in arcminutes and so on) multiplied by 
the difference between that [elapsed table-entry] and the next [table-entry], the [elapsed] 
manda-equation [table-entry] joined to [that] divided by 10 [produces the correct manda- 
equation. This] should be applied positively or negatively [to the mean longitude], as its 
anomaly (kendra) is in [the semi-circle beginning with] Aries or Libra [respectively]. 


But as the Laghukhecarasiddhi solar equation table in Figure 5.7 reveals, Sridhara 
appears to be using both a different value for the maximum equation and a different 
procedure for deriving the other tabulated values of it. In fact, our reconstruction 
of the table compilation (see Montelle and Plofker forthcoming) suggests that he 
abandoned the Karanakutihala’s linear approximation technique altogether in favor 
of the theoretically exact trigonometric correction model outlined in Section 2.1.2. 

The two kosthaka works likewise differ in their treatment of the Karanakutu- 
hala’s special manda-correction for Mars. The Laghukhecarasiddhi prescribes for 
this adjustment a verse algorithm identical in meaning, and strikingly similar in 
form, to the Karanakutithala’s (Pingree 1976, p. 5, verse 7): 


Fig. 5.7 Table of solar 
manda-equation from the 
Laghukhecarasiddhi (10 
2408b f. 6r, Sun). 
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Fig. 5.8 Table of corrections to Mars’s apogee from the Brahmatulyasarant (Smith Indic 45 f. 7v). 
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bhaumasukendrasya padaisyaydata- 
svalpasya liptah khakhavedabhaktah || 
aptamsahinddhyam asrimrditccam 
sphutam bhavet karkimrgddikendre || 7 || 


The Brahmatulyasarani invokes instead the pre-compiled table shown in Figure 5.8. 
Each degree of argument from | to 45 (the maximum elongation from a quadrant 
boundary) is just multiplied by 0;9 to produce the appropriate entry for the 
correction in arcminutes to the manda-apogee longitude. The accompanying rule 
for retrieval and application of these tabulated values is a slightly modified version 
of Bhaskara’s (Montelle and Plofker 2015, pp. 26-28, verse 10): 


bhaumdsukendrasya padasya jata- 
gamyasya bhagah phalavat phalam ca || 
kulira|na|kradigate svakendre 

hinddhikam spastam asrimrdiiccam || 10 || 


The degrees of the past [or] future [part, whichever is smaller,] of the quadrant of the stghra- 
anomaly of Mars are like [the argument of an] equation [in the table of manda-apogee 
correction for Mars]. And the [corresponding] equation, when its own [sighra-]anomaly is 
in Cancer or Capricorn, is [respectively] subtracted or added [to make] the manda-apogee 
of Mars accurate. 


Although the Brahmatulyasdrani’s author likewise closely follows Bhaskara’s 
phrasing, he has transferred even the trivial task of division by 400 (or equivalently 
multiplication by 9/3600) from the user of the work to the compiler of its tables. 

A similar comparison of the two kosthakas’ approaches to the Karanakutihala’s 
Sighra-correction techniques yields some other interesting divergences. The trigono- 
metric procedures for finding the stghra-equation summarized in Section 2.1.3 are 
converted in the Laghukhecarasiddhi to a set of 18 tabulated values per planet as 
illustrated in Figure 5.9, accompanied by the following instructions for interpolating 
within their 10° intervals (Pingree 1976, p. 6, verses 14-15): 
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Fig. 5.9 Sighra-equation tables from the Laghukhecarasiddhi (1O 2408b f. 8r, Venus (top) Saturn 
(bottom)). 


grahonasighram calakendram eta- 
ficakrad visodhyam rasabhdadhikam cet || 14 || 


tadamSakadho dasabhir hrtah syat 

kosthas tadaisyantaranighnasesat || 
digaptahino gatakostha esye 

hinam phalam sydd adhike tu yuktam || 15 || 


The [longitude of the] stghra[-apogee] diminished by [that of] the planet is the sighra- 
anomaly; it is to be subtracted from a [full] circle if greater than six signs. The [integer 
result of] the degrees of that divided by ten should be the [number of the] table entry. The 
tenth part from the remainder [from dividing the anomaly degrees by ten] multiplied by the 
difference [between] that [entry] and the next [should be] the result, subtracted from the 
past entry if the next [entry] is smaller [than the past], added if [it is] larger. 


The Brahmatulyas4Grani, on the other hand, provides not only a more detailed set 
of tables listing values of the stghra-equation, their successive differences, and the 
corresponding orbital hypotenuse distance (as illustrated in Figure 5.10), but also 
a more complicated procedure for extracting and using these data (Montelle and 
Plofker 2015, pp. 16-26, verses 6-8): 


grahonam uccam ca phalam rasddhikam 
cet siryatah Sodhya lavadikam krtam || 
bhagankasamkhyagatakostakam tayoh 
kaladikam Sesam vivarahatam tat || 6 || 


sastya vibhaktam svam rnam ca bhogyat 
karyam vihinddhi[ka]tatkramena || 
ddau hi mandardha [x] kena tasmat 
samagram [x x x] punah punas ca || 7 || 
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Fig. 5.10 A page from the Brahmatulyasarani (Smith Indic 45 f. 14v) showing the first 60 entries 
of Venus’ sighra-equation table. 


drakkendrabhuktir vivarena nighna 
sastyuddhrtam svam ca phalasya vrddhau || 
hrasa rnam mandagater grahanam 

krtam iti syat sphutakhetabhuktih || 8 || 


[The longitude of] the [sighra-]apogee is diminished by [the longitude of] the planet. 
Having subtracted the result from 12 [signs] if it is greater than 6, it is made into degrees etc. 
(Subtract from this reduced sighra-anomaly] the previous table entry for the number [equal 
to its] number of degrees; the remainder [from the subtraction] of those two is in arcminutes 
and so on. That is multiplied by the difference [between the previous and the next table 
entries, and] divided by sixty. [The result is] applied [to the previous entry] positively or 
negatively, according as that is respectively less or greater than the next entry. At first, [the 
mean longitude is corrected] with half the manda-equation and afterwards with the whole, 
repeatedly. 


The velocity of the sfghra-anomaly is multiplied by the difference [between successive 
Stghra-equation values corresponding to that sighra-anomaly] and the quotient with sixty [is 
applied] positively with respect to the manda[-corrected] velocity of the computed planets 
when there is increase of the equation [in successive tabulated values], negatively when 
there is decrease. Thus the velocity of the true planet should be [computed]. 


These instructions commence with rules similar to those in the Laghukhecara- 
siddhi for computing and reducing the sighra-anomaly and applying the resulting 
equation. But the rule for the velocity correction, as discussed in Montelle and 
Plofker (2015, pp. 16-26), is significantly different from that in the Karanakutihala 
(and from the Laghukhecarasiddhi which doesn’t address this correction in any 
way). It follows instead Bhaskara’s treatise Siddhantasiromani in using the change 
between two values of the sighra-equation to compute the resulting correction in 
the planet’s velocity. Ingeniously, the author of the Brahmatulyasarani has taken 
advantage of his tabular format to interpret the change in the sfghra-equation as 
simply the recorded difference between two successive entries in the table. 


5.4 Mahddevi of Mahadeva 211 


To sum up, these two adaptations of Bhaskara’s Karanakutihala illustrate how 
the same highly regarded handbook, disseminated since the late twelfth century in 
the traditional strictly verse karana format with no separate numerical tables, was 
rendered into kosthaka versions in very different ways. As we have seen, both Sri- 
dhara and the author of the Brahmatulyasdrani clearly borrowed from Bhaskara in 
composing their verses. Their quite distinct approaches to structuring their tables 
may be due to individual innovations, or to imitation of earlier conversions from 
verse-only karanas to table-focused kosthakas, or some combination of both. 

It is likewise unclear exactly how the later tradition of table texts was influ- 
enced by these two kosthaka versions of the Karanakutihala (especially since 
we do not know exactly what “later” means with respect to the imprecisely 
dated Brahmatulyasdrani). The uncertainty is compounded by the possibility of 
imperfectly identified additional works or recensions bearing some form of the name 
Karanakutuhalasarini, see, for instance, MS BORI 501/1895—1902 ff. 2-28. Other 
than the brief allusion by Harihara already discussed (Section 5.2.3), we know of 
no subsequent author who cites these tables, nor any who followed their example of 
combining the mean-with-equation format with Brahmapaksa parameters. 


5.4 Mahdadevi of Mahadeva 


The Mahddevi (epoch Saka 1238/1316 CE), named after its author Mahadeva, 
became the standard planetary kosthaka in mean-to-true format within the Brahma- 
paksa school. In the numerous surviving manuscripts of the Mahddevi, its extensive 
set of tables is frequently accompanied by a text of around 43 verses entitled 
Grahasiddhi which contains some details about Mahadeva’s lineage as well as the 
usual instructions and data for using the tables.!* Its many commentators include 
Nrsimha (1528) of Nandipura, Dhanaraja (1635) of Padmavati in Marwar, and 
Madhava (Pingree 1968, p. 37). 

In his introductory verse, Mahadeva attributes the origin of this seminal work to 
another author, CakreSvara (Pingree 1970-94, A4.374, 376): 


siddhim karotisajakendrabhorvi- 

nadin Sivau ksetrapavaggurims ca || 
cakresvararabdhanabhaSscarasu- 
siddher mahddeva rsims ca natva || | || 


'3Tables from manuscripts of this work are shown in Figures 3.7, 3.17, and 4.8. For more details 
on the work and its author, see Pingree (1968, pp. 37-39), Neugebauer and Pingree (1967), Pingree 
(1973, p. 82), and Pingree (2003, pp. 51-54). Aspects of the Mahddevi’s tables were investigated 
in Neugebauer and Pingree (1967), the first detailed analysis of a mean-to-true kosthaka. Given 
the distribution of its extant manuscripts, it seems likely Mahadeva was working in Gujarat or 
Rajasthan. However, the genealogy in the closing verses (41-43) of the Grahasiddhi identifies his 
father as Parasurama, son of Padmanabha, son of Madhava, son of Bhogadeva of the Gautama 
gotra, all of whom were astrologers (daivajfia), a dweller on the Godavari river, presumably in 
Maharastra (Pingree 1981, p. 42; Pingree 1968, p. 37). 
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Mahadeva, having honored Ganega Brahman, Indra, the naksatras, the earth [and the 
planets] beginning with the sun, Siva and Parvati, the guardian deity, Vac, and the teachers 
as well as the sages, makes the fulfillment/completion of the rapid determination of the 
planets begun by Cakresvara. 


Some commentators have enlarged slightly on this attribution: cakresvarah 
gramthakarttuh, “Cakresvara [is the name of] the maker of the book,” 
according to Madhava (MS LDI 7671 f. Iv). And Dhanaraja remarks 
mahddevandmddhijah_ cakresvaranamacaryenadrabdhaya nabhascaranam graha- 
nam asusiddih sighrasiddhih sa aparipirna sthita tasyam siddhim parnatam karoti 
“Of the [work] begun by the teacher named Cakresvara, [i.e.,] the rapid determi- 
nation [or] Sighrasiddhi of the sky-goers [or] planets, remaining uncompleted [by 
him]: of that [work], the brahmana named Mahadeva makes the fulfillment, [i-e.,] 
completion” (MS BORI 497 f. lv). Nothing else is known of this author (Pingree 
1970-94, A4.88), who presumably might have been Mahadeva’s own teacher. 

The subsequent verses of the Grahasiddhi make Mahadeva’s case for the 
superiority of his tables to the cumbersome computational procedures of treatises 
and handbooks (MS RAS Tod 24 f. lv): 


paitamaharyabhatajisnujabhaskardadi- 
siddhantabhedakaranair nitaram agadhe || 
samkhydarnave khacarakarmajale nimagna- 
Jyotirvidam pratarandaya drdhorundavah || 2 || 


vind dyuvrndasumrdukriyadyaih 
sabijamadhydarkasamdsamapteh || 
caturdasahantarita bhasankhya 

ghatisv ihabhrartusu siddhakhetah || 3 || 


yathopayogya asakrtparisphutah 
siddhantamadhyasphutakarmana krtah || 


sphur [syur?] atra tadval laghukarmandé sphutah || 4 || 


[The Mahddevi is] a staunch large ship for [giving] passage to the astronomers entirely 
plunged into the waters of planetary calculation in the unfathomable ocean of number by 
the karanas [derived from] the different siddhantas: Paitamaha [and those of] Aryabhata, 
the son of Jisnu [Brahmagupta], Bhaskara, etc. 


Without the procedures etc. [for finding] ahargana, sighra and manda [equations], here the 
true [longitudes of the] planets [are found] from the correct determination of the mean sun 
with [its] bija. [They are] 27 in number, separated by 14 days, in [units of] sixtieths [of a 
circle] in [each of] sixty [separate tables]. 


In the same way that the repeatedly corrected [longitudes of the] planets made by the mean 
and true method of siddhdntas are to be used in horoscopy for travel, marriage, etc., the true 
[longitudes produced] in this [work] by an easy method are [to be used] like that. 


The classical “ten chapters” anatomy of treatises and handbooks, with true 
planetary positions laboriously determined by repeated computations of correction 
terms, here gives way to a more direct (although far less concise) mapping from 
mean positions of the five star-planets to true ones. The 300+ tables of the Mahddevi 
include single-year and 60-year mean longitudinal displacement tables for the epact, 
the lord of the year, the moon, the lunar node, and the five planets, along with a bija 
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for each of these entities. The bulk of its content, however, consists of the sixty 
annual true longitude tables given for each of the five planets, each table containing 
27 longitudes at intervals of 14 days, as specified in the verse. 


5.4.1 The first “canonical” kosthaka 


The known existence of over a hundred manuscripts of the Mahddevi, far more 
numerous than the surviving witnesses of any earlier kosthaka, suggests that many 
thousands of copies of it were written and read over the centuries. Knowledge of 
the manuscript corpus of Sanskrit astronomical tables is still far too incomplete 
to permit any definite conclusions about the causes of the Mahddevi’s apparently 
unprecedented popularity. But we speculate that the following features may have 
been significant factors in the history of its reception and its rivals. 


Mean-to-true structure with purely sexagesimal units. As in the earlier Graha- 
jiidna, the pre-computation of true longitude values in the Mahddevi tables makes 
the cumbersome calculation of manda and sighra equations for a known mean 
longitude unnecessary. But the Mahddevi’s planetary true longitudes are expressed 
in 6° arc-units or sixtieths of a circle, here called “sexagesimoria,’ and their 
sexagesimal fractions. These seem to have been more appealing to users than the 
13°;20 naksatra units employed in the Grahajiidna, possibly because they are more 
easily converted to or from the standard measures of zodiacal signs and degrees. 
The Grahasiddhi helpfully, although not entirely clearly, explains the use of the 
units (MS RAS Tod 24 f. lv): 


syat palam vipalasasti tair nabha- 

ngair ghatiti tadanu grahabhramah \| 
tair nabhastri bhir agair bhramah kramat 
svamSasuddhisanivarapirvayaih || 5 || 


vithinagvaikyajaikaika 
Suddhyabdesagunadhruvau || 


anye nddydadikah prthak || 6 || 


kramendvadhayo ’bddder 
manubhir manubhir dinaih || 
tatpanktisu grahah spastah 
santi dhruvaghatibhavah || 7 || 


A pala should be 60 vipalas; a ghati [is measured] by 60 [of] those [palas]; thus a planet’s 
cycle [is made] analogous to that [i.e., purely sexagesimal]. With those thirty [tithis or] with 
seven [weekdays] a cycle [is made] [for] epact [or lord of the year] beginning with Saturday 
[respectively, each with] its own fractions. 


[There is an] individual row [column, entry?] produced from the sum [of corrections for 
each body from] the lord [of the year? or sun?] [to] Rahu. The multiplier and initial mean 
longitude of the epact and lord of the year are stated beginning with tithis and weekdays 
[respectively]; other [quantities] separately [are stated] in sixtieths (i.e., sexagesimoria) and 
so forth. 
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Fig. 5.11 Tables of epoch adjustments and annual multipliers from the Mahddevi (RAS Tod 24 
f. 2v). 


The avadhis in order from the beginning of the year [are measured] with 14 days each. In 
the rows of those [avadhis, i.e., the individual tables], the true [longitudes of the] planets 
are produced for the sexagesimoria of their mean longitudes. 


Abundance of tables and data. The use of the smaller sexagesimoria units as 
opposed to naksatras also provides 60 rather than 27 true longitude tables for each 
planet, and consequently smaller interpolation intervals. In addition, these tables 
contain a large amount of compactly organized data per argument value. Each entry 
for true longitude is accompanied by the tabulated difference between that entry and 
the corresponding one in the next table, simplifying the task of interpolation between 
tables. The true velocity and its inter-tabular differences are similarly tabulated. 
Finally, occurrences of synodic phenomena are noted next to the longitude entries 
where they occur. 


Reduction and simplification of text: reinforcement of crucial parameter 
values. With its total verse text amounting to less than 50 verses, the Mahddevi 
avoids duplication of computational techniques. No algorithms are prescribed as 
(potentially confusing) alternatives to use of the tables. 

In fact, nearly a fifth of the total verses, beginning with the two quoted below 
(MS RAS Tod 24 f. lv), merely restate verbally the mean longitude parameters 
listed in the tables. Figure 5.11, reproduced from a manuscript of the Mahddevi, 
displays the tabulated annual mean longitude increments enumerated in these 
verses, while Figure 5.12 (from a different Mahddevi manuscript) illustrates the 
inclusion of extensive additional tables containing successive multiples of these 
annual parameters. The fundamental data needed to produce the mean longitudes 
for the desired time that are essential for the use of the tables are thus reinforced by 
a variety of different formats. 

gunah Suddheh Sivas 11 trini 3 

tryaksd 53 dvyaksini 22 khabdhayah 40 

varasyaikah Sarorvy adi-'+ 

rama vajindavo 17 dvidhd || 13 || 

kujasyelagnayo 31 ’bdhyaksa 54 

ripe deva 33 mahiyamah 21'° 


'4MIS has Sarorvyatu. 
‘SMS has 12. 
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Fig. 5.12 Table of mean longitudinal displacements from the Mahddevi (Smith Indic 80 f. Ir). 


budhasyanka 9 naga 7 lekha 33 
kakubha 10 netra 22 bahavah || 14 || 


The multiplier of the suddhi [is] 11, 3, 53, 22; of the [week-]day, 1, 15, 31, putting down 17 
twice. 


[The multiplier] of Mars [is] 31, 45, 1, 33, 21; of Mercury, 9, 7, 33, 10, 22. 


5.4.2 Laghumahddevi 


An abbreviated recension of the Mahddevi, containing a condensed and rearranged 
version of the planetary true longitude tables along with introductory tables of 
parameters and mean motions as well as a very short text, was constructed for epoch 
date Saka 1500 (1578 CE) by an unidentified author. Currently known from only 
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Fig. 5.13 The first page of the unique manuscript of the Laghumahddevi (JVS 147.2479 f. 1v) 
showing the text and, from left to right, tables of multipliers for mean displacement (gunaka), 
epoch mean values for Saka 1500 (ksepaka), ramabija, and epoch mean values for Saka 1586 
(dhruvaksepaka). 


ru 


one manuscript, this work is an interesting though obscure witness to the varied 
evolution of established kosthakas. 

The Laghumahddevi’s known text in its entirety together with the first four tables 
is reproduced in the manuscript page shown in Figure 5.13. The beginning of the 
initial portion in the first scribal hand reads as follows: 


Sake 1500 varttamamnasakamadhye hinakrte Sesam gunakena gunaniyam ksepakamkdani- 
yuktam rammabijadhana rnakrte dhruva spasto bhavati | 


agrakosthadhike dhanam pascadd adhike rnam gunakakosthakapabilo dhruva dgaloko- 
sthaka || 


When the Saka [year] 1500 is subtracted from the current Saka [year], the remainder is 
to be multiplied by the multiplier [and] added to the digits of the epoch mean longitude. 
When [the sum is] positively or negatively made [adjusted] by the ramabija, the initial 
mean longitude becomes accurate. 


When [a table entry] is greater than the previous table entry, positive; when greater than the 
following [table entry], negative. The multipliers table is first, the epoch-values table is next 
[? vernacular pabilo and dgalo?]. 


rasavasutithi 1586 gramthabde varttasakamtare nakha 20 vibhakte Sesaptaksepakosthaka- 
yute bdapddau saradhruvaka || | || 


suddhitrimsadbhakte saptabdapavimSatibhdjite Seso ghatyddau ... 


When the difference of the current Saka year in [comparison to] the text [epoch] year 1586 
is divided by 20 [and] when the the lord of the year etc. [is made by] adding the epoch 
mean position table entries [corresponding to] the remainder and the quotient, [those are] 
the current initial mean values. 


When [that sum is] divided by thirty [in the case of] the epact, [or] divided by seven [in the 
case of] the lord of the year [or] by twenty [otherwise], the remainder is in [the form of] 
sixtieths etc. [...] 
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This rather peculiar combination of epoch years 1500 and 1586 (see Figure 5.13) 
seems to echo the multiple versions of determining desired mean positions presented 
in the original Mahddevi. That is, the user may multiply the difference between the 
current year and 1500 by the given multiplier for the desired quantity and add the 
product (after removing any completed cycles) to that quantity’s epoch mean value 
for 1500. Or alternatively, the difference between the current year and 1586 may 
be broken down into a sum of multiples of 20 years and of single years, whose 
corresponding mean increments are to be picked out of the tables illustrated in 
Figure 5.14 and added together along with the epoch mean value for 1586. 

Besides the highly condensed text, there are several other ways in which the 
Laghumahddevi achieves a more compact version of Mahadeva’s original work. 
Most significantly, it tabulates the true longitudes using 18° arc-units instead of 6° 
ones, copying every third value of the Mahddevi tables, so that only 20 true longitude 
entries instead of 60 are needed to complete a planetary cycle. At the same time, the 
author of the Laghumahddevi has reversed the Mahddevi’s tabular relationship of 
the mean longitude intervals within a cycle to the avadhis in a year. 


a ED CO OR ee 
AL 


Cw i 25 4 a iP 2 
8 aayide 
ale eas ae] BRS. 
SPS Be 
x 
oe? 

* ¥: < N K 
at “ae aN ue % i 
Ao | 20 ‘ 
a ye 4 a Ue 

ttl ‘ 

2 2 


mona 


SANE 
Pra fd Rh 
ay =" oO ) 

no RS Be se 

Le y. XY 


Fig. 5.14 Tables of mean increments from the Laghumahddevi (JVS 147.2479 f. 2r—v) for 1 to 10 
20-year intervals (above) and 1 to 20 single years (below) for the epact, the lord of the year, Mars, 
and Mercury. 
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Fig. 5.15 Two pages from the Laghumahddevi (JVS 147.2479 f. 4r-v) showing Mars’s true 
longitude tables for mean longitude intervals 0-19 of avadhis 3 and 4 (part of the table for avadhi 
2 also appears). Synodic phenomena occurrences are noted in the bottom row of the appropriate 
columns. 


Namely, for each planet the Mahddevi lists true longitudes for 27 successive 14- 
day avadhis in each of 60 separate tables, one for each successive 6° interval of 
mean longitude. The Laghumahddevi, on the other hand, lists true longitudes for 20 
successive 18° intervals of mean longitude in each of 27 separate tables, one for each 
avadhi. This reversal can be seen more clearly by comparing the entries in the Maha- 
devi’s and Laghumahddevi’s true longitude tables for Mars shown in Figures 4.16 
and 5.15, respectively. For example, the true longitude entry for argument value 
avadhi 3 of table 0 in the former is 0;26, 15, the same as the true longitude entry for 
argument value 0 of table avadhi 3 in the latter. 


5.4.3 Characteristics of laghu/condensed versions in general 


Compositions taking the form of an abridged (/aghu) or extended (brhat or maha) 
recension of some earlier work long pre-date this period in Sanskrit astronomy, 
usually in the context of authors tinkering with their own previous productions. 
Instances include the Mahabhaskartya and Laghubhaskartya of Bhaskara in the 
seventh century, the karanas Brhanmdnasa and Laghumanasa of Mujfjala or 
Mafijala in the tenth, and the so-called uttara chapters of handbooks and treatises 
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(such as Brahmagupta’s Khandakhadyaka) in which topics covered earlier in the 
text are discussed in greater detail. The Laghukhecarasiddhi (Section 5.3.3) and the 
Tithicintamani (Section 5.6.3) may represent other examples of such an abridgement 
process involving kosthakas. The Laghumahddevi illustrates the extent of the 
liberties a redactor might take with such a table text, even a well-established classic 
of the genre. It should be borne in mind, however, that the Jaghu prefix on a title 
taken from an existing work does not always reliably indicate dependence of the 
laghu composition on that work. For example, the seventeenth-century astronomer 
Murari (Pingree 1970-94, A4.441-442) named one of his table texts Tithidarpana 
and the other Laghutithidarpana, despite the fact that the latter is based on the 
Makaranda (Section 5.5) rather than on the former. 


5.5. Makaranda of Makaranda 


Despite (or perhaps partly because of) their streamlined procedures, mean-to-true 
table texts did not oust the more familiar mean-with-equations format in the genre 
of Sanskrit astronomical tables. One of the most popular kosthakas ever composed, 
the Makaranda or Makaranda-sarani written at Kasi/Varanasi with epoch Saka 
1400 (1478 CE) by Makaranda, retained this earlier format. Like other notable 
astronomical works from this region, the Makaranda follows the Saurapaksa.!° 
Unusually in terms of the kosthakas we have examined so far, this work has no 
accompanying set of verses except for the following invocatory stanza: 


Sristiryasiddhantamatena samyag 
visvopakaraya guripadesat || 
tithyadipattram vitanoti kasyam 
anandakando makarandanama || 


Thoroughly [informed] by the opinion of the excellent Saryasiddhdnta, for the use of all, 
from the instruction of the teachers, Anandakanda, called Makaranda, unfolds in Kasi a 
leaflet on the tithi and so forth. 


Presumably the Makaranda relies on the user’s familiarity with the standard 
mean longitude correction procedures of Indian astronomy to ensure the correct 


'6Numerous examples of tables in the Makaranda’s manuscripts are shown in Fig- 
ures 2.18, 3.2, 3.10, 3.11, 3.18, 4.6, 4.48, 4.51, 4.52, 4.53, 4.54, 4.55, 4.59, and 4.60. This work 
has been extensively treated in, e.g., Pingree (1968, pp. 39-46), Pingree (1973, p. 92), Pingree 
(1981, p. 42), Pingree (1970-94, A4.341-343), Pingree (2003, pp. 54-59). As discussed therein 
and in Sarma (1997), the Makaranda has been edited multiple times, e.g., Makaranda (1923); 
Misra (1982). Note that there is no textual attestation of any epoch date in the work itself, although 
various manuscripts containing commentaries and notes mention that the year of the text is Saka 
1400. Additionally, the earliest Saka year occurring as a table argument in some of the manuscripts 
is 1400, whose beginning is assigned to ghati 30;57 of weekday 6 in tithi 24. For the regional 
Saurapaksa tradition see also works of MuniSvara (Pingree 1970-94, A4.436-441) and Kamalakara 
(Pingree 1970-94, A2.21-23). 
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application of the table entries to given data for desired times and phenomena, 
despite its paucity of explicit verbal instructions. Another distinctive feature that 
seems likely to have contributed to this kosthaka’s popularity is its comprehen- 
siveness: as illustrated by the topics found in some sample recensions enumerated 
in Table 5.6, its tables embrace almost any standard astronomical quantity that a 
user might want to calculate. These include the calendar fundamentals of dates and 
times marking the starting moments of ftithis, naksatras, yogas, and samkrantis, 
as well as planetary mean motions, orbital equations, and synodic phenomena. 
More exceptional events are also provided in tables for calculating characteristics 
of eclipses, such as parallax and shadow diameter. 


5.5.1 Some noteworthy features of the Makaranda 


Like the Mahddevi before it, the Makaranda records and manipulates celestial 
position data in a strictly sexagesimal numerical format whose integer unit is 
the abovementioned sexagesamorion or 6° arc-unit. (As illustrated in the worked 
example quoted in Section 5.5.2, this notation in a mean-with-equations table 
requires the user to carry out the conversion of the desired true longitude from 
sexagesimoria units to the standard signs, degrees, etc.) Sample values in tables 
shown in Figures 4.6 and 4.51 in the previous chapter exemplify the use of this 
convention in Makaranda’s work. 

Unique to the Makaranda, as far as we can tell, is the whimsical but memorable 
set of vegetation-themed Sanskrit technical terms for its various tables—perhaps 
inspired by the author’s personal names Makaranda (“honey,” “nectar,” and “bee’’) 
and Anandakanda (“root of joy”)?—summarized in Table 5.7. No obvious rationale 
seems to guide the assignment of words meaning literally “garden,” “blossom,” etc., 
to particular table types. Although earlier Sanskrit mathematical texts sometimes 
employed words meaning “vine” or “creeper” for certain computational techniques 
that produce an undulating line of figures (Rangacarya 1912, pp. 80, 117), (Sastri 
1957, p. 77), this figurative sense does not seem to apply to Makaranda’s use of 
valli for tables. Unlike other fanciful systems of technical nomenclature such as 
the application of metaphorical names like “door-hinge” or “cow’s urine” to Indian 
multiplication techniques (Datta and Singh 1935/38, pp. 134ff.), or quark flavors 
in modern particle physics, Makaranda’s terminology appears to have remained 
confined to the text in which it originated. 

The Makaranda also employs what appear to be some rather idiosyncratic units 
of measurement. For example, in the table of lunar eclipse half-duration shown in 
Figure 5.16, the accompanying instructions read in part grdso bandgni 35 nighnah 
sphutasasidvadvimsakah syus ca tebhyah sthityarddham (“The obscuration [is] 
multiplied by 35, and [those] are the 22nd parts [?] of the true moon [disk]; to 
them [corresponds] the half-duration [in the table entries]”). The accompanying 
half-duration entries range from 0 to the typical maximum value of 4;40 ghatis, 
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Table 5.7 Botanical-themed terms used in the Makaranda. 


Sanskrit term Literal meaning Significance in Makaranda 

kanda Bulb, root Calendar day/time for mean time-unit 

guccha Blossom, flower; shrub Calendar day/time for mean time-unit 

valli Creeper, vine Increments to linearly increasing quantities such 
as civil days or lunar anomaly 

vatika Garden, plantation Mean position increments 

saurabha Fragrance, perfume; saffron Corrections due to valli values 
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Fig. 5.17 Top: Table of parallax in longitude, for 1-17 sexagesimoria of sun-nonagesimal 
elongation, from the Makaranda (BORI 546 f. 13r). 


but it is not clear exactly what quantity the argument numbers 0-36 are supposed to 
represent. !7 


5.5.2 The Makaranda and the Saurapaksa canon 


The general identification of the Makaranda with Saurapaksa parameters (see 
Section 1.2.3 and Appendix B.2) is all we currently know about its textual heritage. 
Occasional hints, however, connect it with earlier sources. For example, its table of 
longitudinal lunar parallax for each 6° arc-unit of longitudinal elongation between 
the sun and the nonagesimal, reproduced at the top of Figure 5.17, recalls the 


'7 See Makaranda (1923, f. 28r). Pingree (1968, p. 45) interpreted them as follows: “This is a 
table of lunar eclipse half-durations in ghatis for 1-36 units of 0;3°. Since one digit equals 0;5°, a 
vimsopaka equals 0;36 digits and 36 vimsopakas equal 21;36 digits.” 
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Fig. 5.18 Solar mean longitudinal displacement table from the Makaranda (BORI 446 f. 14v). 


versified table of this quantity embedded in the Karanakutihala of Bhaskara 
(Plofker Forthcoming). 

The Makaranda’s offspring in the jyotisa canon are more clearly delineated than 
its ancestors. Most importantly, its canonical position was further established or 
enhanced by the circulation of a number of detailed commentaries expounding its 
use, sometimes with elaborate worked examples like the one quoted below from 
the Makarandodaharana of Vigvanatha Daivajiia, composed in Saka 1540. This 
excerpt describes how to determine the mean position of the sun for a given date by 
assembling from the table reproduced in Figure 5.18 the separate mean longitude 
increments which correspond to the successive digits of the valli or accumulated 


civil days since epoch at that date (Misra 1982, pp. 71-72; Makaranda 1923, 
f. 39r): 


uddadharanam Sake 1534 vaisdkhasukla 15 vallt 7 | 58| 11 | 40 ravivatikayam catvarimsatkostha- 
kad adhasthamkah 6 |34|14|27 ekadasakosthakasthankadyankam vihadya catvarimkah 

48 | 24|58|39 astapamcasatkosthakad adhasthankah 38 | 58|20|34 saptamakosthakad 
adhasthamkah 31|52|8|14 caturnaém yoge jatdravivalli 125|49|41|54 iirddhvamke 
sastitaste Sesam 5|49|41|54 idam satgunam jata amsG 34|58|11|24 amsas 
trigsadbhaktah labdham rasayah evam rasyddyo ravih 1 |4|58| 11 


Example. In Saka 1534, Vaisakha, bright fortnight, 15[th rithi], the valli is 7| 58 | 11 | 40. 
In the solar vatika (mean motion) [table], the number placed below the 40th [argument] 
cell is 6|34|14|27. Disregarding the first number of the numbers placed [below] the 
11th [argument] cell, the [next] four numbers are 48 | 24| 58 | 39. [Similarly], the number 
placed below the 58th [argument] cell is 38 | 58 | 20 | 34; the number placed below the 7th 
[argument] cell, 31 | 52 | 8| 14. When the sum of the four [numbers is computed], the valli of 
the sun is produced: 125 | 49 | 41 | 54. When the upper [most significant] number is reduced 
with respect to sixties (i.e., expressed modulo 60), the remainder is 5 | 49|41|54. This 
multiplied by 6 produces degrees: 34| 58 | 11 | 24. The degrees are divided by 30. The result 


is in zodiacal signs. In this way, the [longitude of] the sun in zodiacal signs [and so on] is 
1/4|58| 11. 
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Moreover, as indicated in Table 5.6, the highly popular Makaranda branched 
into numerous versions and recensions containing various subsets of its tables, 
sometimes with additional material that may not have originated with Makaranda. 
Like the earlier Handy Tables of Ptolemy, it seems to have become a family of 
comprehensive astronomical tables, distinctive by virtue of its terminology and 
correction procedures but permitting customized modifications to suit its users’ 
different needs. 


5.6 Major works of the GaneSapaksa 


Probably the most renowned astronomer-mathematician of northern India after 
Bhaskara II was GaneSsa Daivajfia son of KeSava, born in 1507 in Nandigrama on 
the Maharastra coast (Sarma 2010). GaneSa’s fame rests primarily on his immensely 
popular astronomy manuals, a karana called Grahalaghava or Siddhdntarahasya 
(“Facility in planet[-computation]” or “Secret of siddhantas,’ with epoch date Saka 
1442 = 1520 CE) and related calendric table texts, discussed in Section 5.6.3. 
But he is also known for several other compositions including descriptions of 
observational instruments, a table text on the computation of the mahdpdtas (see 
Section 4.11.1), and a commentary on the premier Sanskrit arithmetic treatise of 
the period, Bhaskara’s Lilavatt. Moreover, he originated a modified version of 
Saurapaksa parameters that became known as an astronomical school in its own 
right, the Ganegapaksa. 

The best-known commentary on the Grahalaghava was composed apparently in 
the early seventeenth century by the Visvanatha mentioned in Section 5.5.2, who 
was the son of a pupil of Ganesa named Divakara. It enumerates GaneSa’s output as 
follows (Josi 1994, p. 3): 


krtvadau grahalaghavam laghubrhattithyadicintamani 
satsiddhantasiromanes ca vivrtim lilavativyakrtim || 
Srivrndavanatikikam ca vivrtim muhirttatattvasya vai 
sacchraddhdadivinirnayam suvivrtim chandornavakhyasya vai || | || 


sudhiranjanam tarjaniyantrakam ca sukrsndstaminirnayam holikayah || 
laghiipadyaydtas tathanyan apurvan ganeso gurur brahmanirvanam agat || 2 || 


Having first made the Grahaldghava, the small and the great Tithyddicintamani, and a 
commentary on the true Siddhdntasiromani, [namely] an exposition of the Lildvati, a 
commentary on the excellent [Vivaha]-vrndavana [of Kesavarka], also a commentary on 
the Muhirtatattva [of KeSaval, a true determination of ¢rdddha etc. [the Sraddhavidhi], and 
a good commentary on the Chandornava; and [the texts] Sudhirafijana and Tarjaniyantra 
[on instruments] and the excellent determination of the Krsndstami for the Holi [rites], by 
means of easy methods, [and] then likewise other incomparable [works], the teacher Ganesa 
attained liberation [from life]. 


The relative abundance of surviving works and biographical information gives us 
quite a detailed picture of GaneSa’s overall place in jyotisa, at least compared to the 
little we know about most earlier kosthaka authors. 
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5.6.1 Grahalaghava/Siddhantarahasya of Ganesa 


This handbook, the “Ease of planet-[computations]” or “Secret of siddhdntas,” is 
arguably the best known and certainly the most published Sanskrit astronomical 
manual of the late second millennium (Pingree 1970-94, A2.99-100, A5.72). Its 
most remarkable feature (besides the fact that according to the textual tradition, 
Ganesa composed it at the age of 13!) is its systematic substitution of algebraic 
approximation algorithms and tabular interpolation for trigonometric procedures 
requiring tabulated sine values. GaneSa’s introductory and closing verses reflect his 
pride in this achievement (Josi 1994, pp. 5-7, 342): 


paribhagnasamaurvikesacaépam 
drdhagunaharalasat suvrttabahum || 
suphalapradam attanrprabham tat 

smara ramam karanam ca visnuriipam || 1.2 || 


yady apy akarsur uravah karandani dhirds 

tesu jyakadhanur apasya na siddhir asmat || 
Jyacapakarmarahitam sulaghuprakaram 

kartum grahaprakaranam sphutam udyato ’smi || 1.3 || [...] 


purve praudhatarah kvacit kim api yac cakrur dhanurjye vind 

te tenaiva mahatigarvakubhrducchrnge ’dhirohanti hi || 

siddhantoktam (edition has oktabh) ihakhilam laghukrtam hitvad dhanurjye maya 
tadgarvo mayi mastu kim na yad aham tac chastrato vrddhadhih || 16.4 || 


Consider Rama, the form of Visnu, making the bow of Siva together with [its] string entirely 
destroyed, showing the destruction of the firm bowstring, with well-rounded arms, granting 
good results, appearing in human form. [Equivalently:] Consider this pleasing karana, 
lovely as Visnu [??], having the arc together with sine and versine entirely eliminated, 
showing the removal of the cumulative sine [values], with good circles and arcs giving 
accurate equations, with determined gnomon-shadows. 


Even when the great [and] wise make karanas, in them there is no accomplishment [of the 
goal] when the sine-arc [combination] is excluded. Because of this, I am undertaking to 
make a very easy method omitting sine and arc computation, an accurate method for the 
planets. [.. .] 


The former [and] greater [? full-grown, more mature?] [authors] sometimes to some extent 
accomplished without the arc and sine some [results] by means of which they ascended to 
the topmost mountain-peak of great pride. Here, what is stated in siddhdntas is simplified 
by me, entirely eliminating the arc and sine. Let there be no pride in that for me, since from 
their treatises I [gained] wisdom [??]. 


To accomplish his aim of eliminating all explicitly trigonometric computations, Ga- 
neSa included versified tables of scaled values of manda and Sighra equations for 
the star-planets at every fifteen degrees of anomaly (see Sections 4.2.1 and 4.2.2), 
along with rational approximations to the manda-equation formulas for the sun and 
moon. All the standard astronomical tasks of karana works are similarly carried out 
by such ingeniously adjusted formulas. GaneSa’s manda-equation list is represented 
as a numerical table by a Grahalaghava scribe in Figure 5.19 (compare Table 5.8). 
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Fig. 5.19 A numerical 
version of the versified scaled 
manda-equation table in a 
manuscript of the 
Grahalaghava (UPenn 390 
1822 f. 8r). 


Table 5.8 Tables of planetary manda-coefficients (left) and velocity-correction factors (right) 
from Grahalaghava 3.7-8, 11. 


Planet 15° interval of anomaly xy Velocity correction 
1 2 3 4 5 6 factor, manda 

Mars 29 57 85 109 124 130 1/75 

Mercury 12 21 28 33 35 36 1/5 

Jupiter 14 27 39 48 55 57 1/30 

Venus 6 11 13 14 15 15 2/5 

Saturn 19 40 60 77 89 93 2/5 


The Grahalaghava’s manda-equation algorithm for the sun (Jost 1994, pp. 50- 
56, verse 2.2), based on an algebraic approximation to the sine function,!® is 
equivalent to the following expression: 


(0-3) 5 
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A somewhat similar rule is prescribed for computing the sun’s manda-gatiphala 


or velocity correction, where xy is the arc of manda-anomaly reduced to the first 
quadrant (Josi 1994, pp. 58-60, verse 2.4): 
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'8For this approximation in general see Section 2.1.8; the trigonometric rationales underlying the 
manda-correction procedures for longitude and velocity are discussed in Section 2.1.2. For the 
transformation of the algebraic sine approximation into the given j-rule and the following velocity- 
correction rule, see Rao and Uma (2007, pp. S56—60, S65—68). 
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Another innovation in the Grahalaghava, reminiscent of techniques used in the 
table-text genre, is GaneSa’s introduction of a unit called the cakra “cycle” of 
4016 days or approximately 11 years (see Section 4.1). Instead of computing mean 
longitude increments by multiplying mean daily velocities by the total ahargana 
or elapsed days since the epoch date of the text, the user breaks down the elapsed 
interval into a number of completed cakras plus a number of days since the end of 
the last full cakra: 

dvyabdhindronitasaka tgahrt phalam syac 

cakrakhyam ravihatasesakam tu yuktam || 


caitrddyaih prthagamutah sadrgghnacakrad 
digyuktad amaraphaladhimdasayuktam || 4 || 


The Saka year diminished by 1442 is divided by 11; the result should be the so-called cycle. 
And the remainder multiplied by 12 is increased by [the months] beginning with Caitra, 
[and] increased by the intercalary months [produced by] the quotient with 33 from that 
cycle[-remainder] separately multiplied by 2 [and] added to 10. 


For each planet, a number called its dhruva represents the 360°-remainder of its 
mean longitudinal increment during a cakra. Depending on the number of elapsed 
cakras since epoch, the appropriate multiple of the dhruva would be subtracted from 
the planet’s specified epoch mean longitude or ksepaka. Then the number of elapsed 
days in the current cakra multiplied by the daily mean longitudinal increment is 
added to the result to obtain the mean longitude at the desired time. Figure 5.20 
depicts a Grahalaghava scribe’s numerical tabulation of these quantities for Gane- 
§a’s 4016-day cakras. 

The Grahalaghava’s practical utility is further enhanced by chapters on sim- 
plified eclipse prediction employing calendar (pajicdnga) data and a method for 
extending its use to desired dates preceding its own epoch of Saka 1520. Overall, 
the work reflects Ganesa’s fascination with ingenious computational techniques, 
combining simplicity and efficiency for the user with sophisticated and often 
innovative constructions on the part of the compiler. 


Fig. 5.20 Numerical versions of the versified tables of the planets’ mean longitude multipliers 
in a manuscript of the Grahaldghava (UPenn 390 1822 f. 3r). Left: Planetary dhruvas or 360°- 
remainders of their mean longitudinal increments for 4016-day cakras. Right: Planetary ksepakas 
or epoch mean longitudes. 


228 5 The evolution of the table-text genre 


Table 5.9 Table of planetary sighra-coefficients from the Grahaldghava (Josi 1994, p. 73, 
verses 3.1-5). 
Planet Number of 15° steps of sighra-anomaly ks 
1 2 3 4 5 6 7 8 9 10 11 
Mars 58 117. -174—-228-—S-279-S«-325 365.393. 400s 368-249 
Mercury | 41 81 117. 150 178) 199 212, 212-195 155 89 
Jupiter 25 47 68 85 98 106 108 102 89 66 36 
Venus 63 126 186 246 302 354 402 440 461 443 326 
Saturn 15 28 39 48 54 57 57 53 45 33 18 


Table 5.10 Scale factors for 


: . Planet Velocity-correction factor, sighra 
computing the sighra velocity 
correction for each planet Mars 1/5 
according to the Mercury | 6/5 
Grahalaghava approximation Jupiter 1/3 
(Jost 1994, p. 90, verse 3.12). Venus 1/4 
Saturn 2/5 


5.6.2 Table texts called Grahalaghavasarini 


The many works by various authors (generally anonymous) entitled Grahalaghava- 
sarini, as the name indicates, are attempts to cast GaneSa’s karana Grahalaghava 
into table-text form for carrying out the planetary calculations not included in his 
strictly calendric Tithicintamani tables (see Section 5.6.3). They mostly consist of 
tables of mean longitude increments and orbital equations, arranged according to 
some pattern of the author’s choice (see the example in Figure 2.13). 

Table 5.11 compares the arrangements used for the mean longitude increment 
tables in various Grahalaghavasarini manuscripts, which have been discussed in 
more detail in Section 4.1; samples of them are shown in Figures 4.3 and 4.5. Most 
of them employ Gane§a’s time-units of 4016-day cakras as well as days and years. 
Other manuscripts, such as the one partially reproduced in Table 4.4, may tabulate 
these increments for even shorter time-units. 

Grahalaghavasarint tables of the planetary manda- and stghra-equations, on the 
other hand, generally just expand the Grahalaghava’s own short lists of scaled 
equation values (reproduced in Tables 5.8 and 5.9). This is done by reducing 
the listed values to standard units of degrees and interpolating between them for 
every degree of argument. Examples discussed in the previous chapter include the 
manuscripts shown in Figures 4.10 and 4.15. Some versions of the Grahalaghava- 
sdrini interpolate these equation values more coarsely for argument intervals greater 
than one degree, as illustrated in Figures 4.11, 4.12, and 4.14. 

In addition to these fairly standard data for finding mean and true planetary 
positions, Grahalaghavasdarini manuscripts may sometimes tabulate other quantities 
such as the Grahalaghava’s oblique ascensions (e.g., in Figure 4.22) or astrological 
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Table 5.11 Mean longitude increment table arrangements in various Grahalaghavasdarini 
manuscripts, with starting dates and numbered cakra periods (beginning with cakra O at the 
Grahalaghava’s own epoch date) for which they provide initial position offsets or dhruvas. 
Units Combination of units Manuscripts employing this combination of units 
1-9 single days CSS d. 774g; 17 March 1531, cakra 1 
1-9 10-day intervals IO 2083b; 13 March 1553, cakra 3 
1-9 100-day intervals RAS Tod 36a; 27 Feb 1641, cakra 11 
1-4 1000-day intervals | Plofker 25; 13 March 1553, cakras 3-20 
1-30 4016-day cakras 


Years/days/cakra | 1-30 single days RAS Tod 57; 18 March 1520, cakra 0 
1-11 “ideal” months Plofker 26; 18 March 1520, cakra 0 
1-11 “ideal” years RAS Tod 36d; 13 March 1553, cakra 3 
0-30 4016-day cakras_ | CSS d. 774g 
1-67 single days UPenn 390 1824; 29 March 1707, cakras 17-33 
1-17 4016-day cakras 
Years/days 1-11 10-year intervals | Smith Indic 26; 2 April 1754 


1-10 single years 

1-3 100-day intervals 
1-9 10-day intervals 
1-9 single days 


phenomena (e.g., in MS Smith Indic 26 ff. 5v—6v). Other closely related table 
texts following the Grahalaghava, usually by named authors, are known by other 
titles differing slightly from the general designation Grahalaghavasarini: e.g., the 
Grahaprabodhasarini of Yadava (1663) and the Grahasarani of Gangadhara (1630) 
(see Appendix A). 


5.6.3 Tithicintamani and Brhattithicintamani of GaneSa 


As noted by Visvanatha in the commentary quoted above, after the Grahalaghava 
Ganesa composed two table texts for use in constructing paficdigas. The shorter 
and far more popular one was entitled Tithicintamani (sometimes called Laghutithi- 
cintamani or Tithyddicintamani) and the other Brhattithicintamani: i.e., the lesser 
and greater “jewels of thought about the tithi (etc.).”!° Each work consists of a brief 
verse text (largely identical, as the comparison of their content in Table 5.12 makes 
clear) accompanied by tables. Their epoch dates, enunciated in the initial verses 
quoted and translated in Table 5.13, are Saka 1447 = 1525 CE for the Tithicinta- 


'9Examples of tables from the former are shown in Figures 4.56, 4.57, and 4.58, and from the latter 
in Figures 3.4 and 3.14. See Pingree (1970-94, A2.100-103, 104-105) and Ikeyama and Plofker 
(2001). 
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Table 5.12 The content and ordering of the verses in GaneSa’s Brhattithicintamani (BTC) and 
Tithicintamani (TC). The equals sign “=” signifies that the two designated verses are entirely or 
very nearly identical in their wording. 


Brhattithicintamani Tithicintémani 
Topic verse number verse number 
Invocation/introduction fl to 
Increments for current year 2 
Lord of the year 3 (= TC 2) 2 (= BTC 3) 
Longitude-difference correction 4 (=TC 3) 3 (= BTC 4) 
Epact 5 (=TC 4) 4 (= BTC 5) 
Anomalistic time offsets 6 6 
Synodic time offsets 7 (=TC 5) 5 (= BTC 7) 
Corrections to anomalistic time offsets 8 7 
Weekday time offsets 9 (=TC 8) 8 (= BTC 9) 
Negligible differences in results 10 
Increments for current year 11 (= BTC 2) 
Modified weekday time offset 9 
Use of weekday tables 12 (=TC 10) 10 (= BTC 12) 
Use of correction tables 13-14 11-13 
Excess and deficiency of day 15 (=TC 14) 14 (= BTC 15) 
Determining naksatra and yoga 16 (=TC 15) 15 (= BTC 16) 
Solar entrance into signs 17 (=TC 16) 16 (= BTC 17) 
Intercalary/omitted months 18 (=TC 17) 17 (= BTC 18) 
Parameters of paksas 19 (= TC 18) 18 (= BTC 19) 
Accurate naksatra computation 20 
Time corrections 21-22 
Use of the divisor 23-24 
Omitted and additional tithis 25-27 


mani and Saka 1474 = 1552 CE for the Brhattithicintamani (which, however, also 
employs the 1447 date for some of its calculations). 


Chronology and commentaries. The internal development of GaneSa’s adaptation 
of astronomical computation to the kosthaka format in these two works remains 
somewhat obscure. Judging from their epoch dates it appears most probable, and 
is generally asserted (Pingree 1970-94, A2.100, 104), that the Tithicintamani was 
composed before the Brhattithicintamani. Yet GaneSa clearly implies in the first 
verse of the former that he had previously produced a “thought-jewel” relating to 
the tithi etc., whose extent intimidated some unfortunate users, for whose sake he 
is now compiling the Tithicintamani instead. This is the explanation offered by the 
abovementioned Grahalaghava commentator Visvanatha who also composed one 
of the many surviving commentaries on the Tithicintamani, using in his udaharana 
or worked examples the year Saka 1556 = 1634 CE (Apate 1942b, p. 1): 
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Table 5.13 Opening verses of GaneSa’s Tithicintamani and Brhattithicintamani. 


Tithicintémani 
yas cintamanir ankalekhyabahulo ’tyalpakriyo 
matkrtas 


tithyadyavagamaprado ’sya sukhino ye 
lekhane bhiravah || 

tatprityai laghum alpakrtyam amalam 
tithyddicintamanim 

vighnesarkamukhdan pranamya kurute Srimad 
ganesah krti ||1\|| 

A jewel of thought which [was] made by me 
[is] abundant in numbers and figures, very 
small in operations [and] giving 
comprehension of the tithi and so on. To 
satisfy those [people] who are timid about the 
writing of this pleasant [work], having saluted 
[the deity] GaneSa and [the planets] beginning 
with the sun, the skillful Ganesa makes a jewel 
of thought about the fithi etc., which is easy, 
simple, and without errors. 
vyagayugamanusakah syat samaugho hato 
’yam 

svarakhakhakubhir apto nagasatyabdapah 
syat || 

dyumukha tha palesu tryabdhihrdvarsayuktah 
Srutibhir isusamudrair bhair yutah saptatastah 
(21 

The Saka year minus 1447 should be the 
number of years [since epoch]. This multiplied 
by 1007, divided by 800, should be the 
year-lord beginning with days, [when] 
increased in its palas by the year-[number] 
divided by 43, added to 4;45,27, and divided 
by 7. 


Brhattithicintamani 

natva 
brahmaharisvaresvarasutarydarkadikhetan 
dvijo 

*hno ’rdhenadbdadinddisiddhidam aham 
tithyadicintamanim || 

kurve ’tyalpakrtim vidhaya bahulam yatnam 
ganesah krtt 

pirvabhyo ’ticamatkrtim tithikrtim pasyantu 
sujna iha ||1|| 

Having honored Brahman, Visnu, Siva, Siva’s 
son [GaneSa], and the planets beginning with 
the lord sun, I, a brahmana, make a jewel of 
thought [about] the tithi etc. determining the 
year, day, etc. in half a day. The skillful 
GaneSa having made great efforts [to render 
it] very small in operations, let the 
knowledgeable ones view the determination 
of the tithi here as much more remarkable 
than previous [methods]. 


Sako ’bdhyagendrarahito rasavedabhaktah 
Sese ’bdapddaya ime phalapanktigadhyah || 


prakpascime vicaranantarayojanani 
bhogabdapesu ca palani kuru svamasvam ||2|| 


The Saka year minus 1474 [is] divided by 46. 
The year-lord etc. in [table entries for] the 
remainder are augmented by [entries] in 
tables for the quotient. And make the yojanas 
of displacement-interval east or west [into] 
palas [applied] +/— to the weekday-offset 
and year-lord [etc.?]. 

vyagayugamanusakah syat samaugho hato 
‘yam 

svarakhakhakubhir Gpto nagasatyabdapah 
syat || 

dyumukha iha palesu tryabdhihrdvarsayuktah 


Srutibhir isusamudrair bhair yutah 
saptatastah || 3 || 


[same as Tithicintamani 2] 


ya iti | Srimadganesas tithyddicintamanim kuruta ity anvayah | tithir adir yesam te 
tithyadayah | adisabdena naksatrayogddayah | tesdm cinta | tasya manir iva manir yasya 


sah | [...] 
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asyapi cintamaner mahattval lekhane bhirutvalaksano dosas tadavastha evety ata aha 
[ laghum iti | | laghutvat kathino bhavisyatity ato visinasti | alpakrtyam iti | svalpeti 
kartavyatakam ity arthah || etaddnitasya tithyaddes ca samvaddan natra kascid doso 
’stity GSayenaha amalam iti | na ca laghund svalpakriyaitattithicintamaninaiva sami- 
hitatithyadijndanalabhad brhaccintamaner evanarthakyam | etadapeksay4a svalpakriydtvena 
tasyapi sarthakyat | tasmal lekhanasaktanam arthe ’tyalpakriyo brhaccintamanir nirmitah | 
lekhanasaktanam hitaya svalpakriyo laghucintamanir iti dvayor api sarthakyam iti ydvat || 


“Which. ..’: The learned GaneSa makes the Tithyddicintamani: this is the word-sequence. 
The fithi is the first of those which are ‘the tithi and so on’. By the word ‘first’ the naksatra, 
yoga, etc. [adi again!] [are meant]. ‘Thought’ of them: which [is] its jewel, [i.e.,] jewel-like 


[...] 


‘Giving comprehension of the tithi and so on’: giving knowledge about the tithi and so 
on; ‘a jewel of thought’: as much as [to say], the ‘great jewel of thought’ [Brhattithicinta- 
mani]. Indeed, the characteristic of timidity in [regard to] writing on account of the great 
[size] of this cintdémani is a fault; in [respect to] this very situation hence he says [‘easy’ ]. 
Thus from [the concept of] easiness he clarifies that it [i.e., the underlying work?] will be 
difficult. ‘Simple’, i.e., little in [tasks] to be done: this is the meaning. And because of 
the correctness of the tithi etc. calculated by this [work], here there is no fault at all: with 
this intention he says ‘without errors’. And [yet] there is not, because of the acquisition 
of the desired knowledge of the tithi etc. by means of just this easy simple Tithicintamani, 
uselessness of the Brhattithicintamani. With regard to this: Because of the usefulness of that 
[the Brhattithicintamani] too, by means of [its] simplicity. Therefore, for the sake of [those] 
competent in writing, the exceedingly simple Brhattithicintamani is constructed, [and] for 
the benefit of [those] incompetent in writing, the very simple Laghutithicintamani: as much 
as [to say], thus there is usefulness of both. 


Visvanatha’s brother Visnu Daivajiia, who produced the only known commentary 
(date unknown) on the more obscure Brhattithicintamani, seems to corroborate 
the claim of its primacy. His commentary on its first verse includes the following 
remarks, whose wording in places is strongly reminiscent of Visvanatha’s (Apate 
1942a, pp. 1-2): 


[. . .] Srimatkesavadaivajiiasuto ganesanama ganitaskandhaikabhitam grahalaghavakhyam 
karanam Gdau krtvedanim pajicangasddhakam apirvam atyalpakriyam brhaccintémani- 
samjnam grantham cikirsur 


[...] 


natveti | tatra kurva ity anvayah | kah | aham ganegah | kam | tithyadicintamanim | tithir 
ddir yesam te tithyddayah | Gdisabdena naksatrayogddayah | tesam cinta | tasyam manir 
iva manih | [...] 


nanvanyatithisadhanesu satsu kimartham ayam granthah krta iti granthasydsya vaiyarthya- 
prasangapattir ityasamkyaha | [.. .] 


anyagranthebhyah paficangam kartum upavistesu. ganakesu dinatrayendpi pajicanga- 
siddhir na syat | yatas tatra mahati kriya | tesu mandadhiyo ’tiklesamadpnuvanti | atah 
krpdlur acaryo ’mum krtavan | 


[...] 


[...] KeSava’s son, Ganesa by name, having first made the karana called Grahalaghava 
[having] the varieties of calculation [united] in one form, now desiring to make a book 
called Brhaccintamani [for] producing paficdrigas, unprecedented [and] exceedingly simple 


[...] 
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‘Having honored. ..’, then ‘I make. ..’; this is the word-sequence. Who? I, Ganesa. What? 
The Tithyddicintaémani. The tithi is the first of those which are ‘the tithi and so on’. By the 
word ‘first’ the naksatra, yoga, etc. [are meant]. “Thought’ of them, in it [there is] a jewel, 
[i.e.,] jewel-like. [...] 


Indeed, in [light of the fact that there are] other true determinations of the tithi what is the 
purpose [that] this book is made? Thus the fault of possibility of uselessness of this book. 
Having thus supposed [a possible objection], he states [. . .] 


In [the case of] astronomers undertaking to make a paficdriga from other books, even in 
three days there’s no completion of the pajicdnga, because great labor [is required] there. 
The slow-witted among them undergo extreme trouble. Hence, the compassionate teacher 
was making this [book]. [. . .] 


On the other hand, if the Brhattithicintamani was indeed composed first, it is 
unclear why the Tithicintamani was assigned an earlier epoch date and why the 
Brhattithicintamani uses both Saka 1447 and Saka 1474 in different algorithms. The 
discussion in the following section sheds a little more light on their interconnections; 
however, a conclusive resolution of this issue will probably have to await a thorough 
comparative analysis of the textual and commentarial traditions of the two works. 


Computational methods and the upakaranas. Both of Ganesa’s table texts share 
the fundamental goal of enabling paficanga-makers to determine the exact day and 
time of the initial moment of any one of the time-units tithi, naksatra and yoga over 
the course of a given year. As indicated in Table 5.12, the bulk of the verse instruc- 
tions are exactly the same in the two works, but some interesting differences appear. 

The Tithicintamani directs the user to compute various offsets in time (called 
kendra) from the start of solar, synodic, and lunar anomalistic cycles to pinpoint 
the initial moments of the first time-units in the year (verses 2-9). Then these 
offsets are manipulated to produce the arguments with which to look up in the 
accompanying tables the approximate weekday/time and correction terms for any 
desired subsequent time-units during that year (verses 10-13). The last five of 
the text’s 18 verses contain general advice for paficanga-makers on allowing for 
intercalation, omitted days, etc. 

The algorithms for computing the initial offsets for a given year are based 
on the parameters of the relevant astronomical school or paksa. GaneSsa explains 
in Tithicintamani 18 (=Brhattithicintamani 19) how he combined and modified 
different paksa parameters for best agreement with observation, and notes that 
results in accordance with other paksas could be produced by changing the offsets: 
yadi calitopakaranais tatpaksaja syat tithih “when [computed] with modified 
upakaranas, the tithi should be appropriate for that [other] paksa.” 

This word upakarana appears to be Ganesa’s technical term for a time offset 
pertaining to the initial time-unit in a year.2° Visvanatha’s and Visnu’s introductions 
to the second verses of their respective base-texts echo GaneSa’s use of it: 


Visvanatha on Tithicintamani 2: 


atha pancangakaranibhitopakaranasddhanam aha | tatradav abdapasadhanam aha | 


20Tkeyama and Plofker (2001) somewhat inaccurately interpret this term as “auxiliary tables”; 
compare the discussion of the nearly identical term upakarna in Montelle and Plofker (2013, p. 14). 
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Now he states the determination of the upakaranas obtained for the construction of 
paiicdngas. There he first states the determination of the lord of the year. 


Visnu on Brhattithicintamani 2 Apate (1942a, p. 2): 
atha pajicangakaranibhitopakaranajnanam tatsamskdrajiadnam ca simhoddhataya 
vaksyati | 


Now he will say the knowledge of the upakaranas obtained for the construction of 
paficangas and the knowledge of their correction, with a simhoddhata [verse]. 


The components of the Brhattithicintamani are generally less clear to us because 
as of this writing we have not seen its accompanying tables. But based on published 
and manuscript material, we venture to describe its overall construction as follows. 

The times of true tithis, naksatras and yogas are tabulated for 27 cycles of 
approximately | year in length. (Manuscript catalogue descriptions suggest that 
these tables typically take up around 30-40 folios, which substantiates Ganesa’s 
and Visvanatha’s remarks about the intimidating extent of the writing required to 
generate a copy of this work!) The user need only find the position of the desired 
year in a 46-year cycle, look up the year-initial offsets and adjust them for the local 
distance east or west of the prime meridian as per Brhattithicintamani 2/11, and go 
into the tables with the desired time-units as per Brhattithicintamani 12-14. The 
subsequent five verses contain the same general techniques for calendar adjustment 
given in Tithicintamani 14-18, and the final eight verses specify various corrections 
and refinements. 

But the seven intervening verses in Brhattithicintamani 3-9, equivalent to 
Tithicintamani 2-8, are apparently not directly employed in obtaining the desired 
results. They seem to be explained by Visnu as supplementary material for better 
understanding the upakarana tables (Apate 1942a, p. 3): 

upakartum sviyakartum yogydni upakarandni paficangasddhandyeti Sesah | aho 

atracaryena vedddrindratulyam istasadkam prakalpya vaksyamanaprakarena sukhartham 

upakaranani krtani | tadupapattijidnam vind katham etani karyani | atas tadupapattijna- 
nartham Slokadstakam dGdau vyakhydyate | nanv evam cet tarhi granthakrta kim etadrsam 
krtam iti cet tad ucyate | paficaigam kartum upavistanam ganakanam upakarananam 
evdpeksa kim upapattya | atah siddhany upakarandni grahyanity Gdav uktam | 
bhavati/u? etdny eva santu | kim taih prayojanam iti cet | etani yada kaddacid bhrastani 


vaksyamdanopakaranopapattis tavaj jfidyate | 


The upakaranas are useful to accomplish, to make one’s own; that is, for the sake of 
determining the paficariga. Now by the teacher, having determined the desired Saka [year] 
equal to 1474, the upakaranas are made for convenience’ sake by a method to be stated. 
Without knowledge of the rationale of that, how are these [upakaranas] to be made? Hence 
for the sake of the knowledge of its rationale, eight verses are first explained. If [you think] 
‘Indeed if [it is] thus, then what of this sort is done by the book author?’, it is explained. 
[?] [There is] need of upakaranas indeed [on the part] of astronomers undertaking to make 
a paficdiga, [but] what [is served] by a rationale? Hence correct upakaranas are to be 
obtained: thus in the beginning [it] is stated. Let just these be [?]. If [you think] ‘What 
purpose [is served] by them?’: If at some time these [upakarana tables] are lost, then how 
are they hence to be made [as] stated? Hence, for the sake of knowing the rationale of the 
correct upakaranas, the forthcoming [? to be stated] rationale of the upakaranas is now 
known. 
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Then Brhattithicintamani 10, the final one in the set of these “eight verses” giving 
the algorithms underlying the upakaranas, is glossed by Visnu as follows (Apate 
1942a, p. 11): 


atha pirvakrtopakarananam kadacit svalpam antaram bhavet tathapi tithyddisamyam evety 
anustubhaha | 


purvopakaranebhyo ’tra kadacit kimcid anyathd | 
tathapyebhyo ’pi tithyaditulyam evagamisyati || 10]| 


spastartham | evam anena prakdrenopakaranasya sddhanam krtvadcadryena sukhartham 
mandanam klesapariharartham ca vedddrindra 1474 tulyam istam Ssakam prakalpya 
viracayya likhitdni | tatkaranam piirvam evoktam | 


Now, there could be a small difference at some time from the earlier-made upakaranas. 
Nevertheless, there is agreement in the fithi etc.; thus he says with an anustubh [verse]: 


Here sometimes there is something different with respect to the earlier upakaranas. 
Nonetheless, [the user] will obtain equality of the tithi etc. with respect to them. 


The meaning is clear. By the teacher, having made thus with this method the determination 
of the upakarana, [then] having considered [and] constructed the desired Saka year equal to 
1474, for the sake of easiness and for alleviating the toil of the slow-[witted], [the upakarana 
values are] written [in tables]. The procedure for that is stated just previously. 


It is perhaps not surprising that this somewhat confusing combination of 
techniques in the Brhattithicintamani proved less attractive to users than the 
more compact Tithicintamani, regardless of which was composed first. Visnu’s 
commentary is interesting here not only because it illuminates some aspects of these 
works and their users’ expected reactions to them, but for its arguments in favor of 
“rationales” for table texts, emphasizing and explaining techniques for constructing 
tables as well as recipes for using them. 


5.7 Jagadbhisana of Haridatta 


During the reign (1628-1652 CE) and evidently under the patronage of Jagatsimha I 
of Mewar in Rajasthan, Haridatta son of Haraji compiled the first known set of 
Sanskrit astronomical tables in the “cyclic” form (see Section 2.3.2). This work, 
entitled Jagadbhiisana “Ornament of the world/of Jagat[simha]” in compliment to 
his patron, comprises several hundred tables and an accompanying text sometimes 
referred to as the Jagadbhisana-prabandha, in five chapters consisting of about 130 
verses and several short prose passages.”! It begins (MS BORI 399 f. 11): 


?1See, e.g., Pingree (1968, pp. 55-9), Pingree (1973, pp. 141-142), Montelle (2014), and Pingree 
(2003, pp. 83-87). Examples of the Jagadbhiisana’s tables appear in Figures 3.3, 3.13, 4.17, 4.19, 
and 4.31. Numerical evidence gleaned from tabular data in some of the manuscripts suggests that 
the tables were computed for a latitude of ¢ = 24°, roughly corresponding to Ujjain in Madhya 
Pradesh (see Figure 4.31). 
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pranamyddidevam vibhum narasimham 

grahan bhaskarddyan ganesam bhavanim || 

graharksdditithyaddipanicangasiddhyai 

karomi prabandham jagadbhiisanakhyam || | || 

Having honored Visnu the all-pervading, first among the deities, the planets beginning with 
the sun, GaneSa, [and the goddess] Bhavani, I make a composition called Jagadbhisana for 


establishing [the positions of] planets and stars etc. [as well as] a paficdrga [for] the tithi 
etc. 


After about a dozen verses describing and lauding the lineage and qualities of 


Jagatsimha, Haridatta reintroduces his own work, tying its epoch to his patron’s 
reign (MS BORI 399 f. 11—v): 


rajan Srisabalabhidhananrpatir mam proktavams cintyatam 
prthvyam yena bhavet prabhoh sakalaga kirtih sadasthayini || 
tenaham haribhattaharidattakhyas tvadiye Sake 
pamcamgagrahanddilabdhisahitam siddhim khaganam bruve || 16 || 


Salivahanamahipatisake piirnabadnavisayendusamane 
Srijagannarapatir nijasakam bhiridanajanitam kurute sma || 17 || 


Srimadvikramasamjiakasya dharanibhartuh §aragnindubhih 

hine syat kila §alivahanadhardadhisasya sakah sphutam || 

tasmin pirnasarendriyemdurahite Srimajjagatsimhabhi- 

bhartuh sakavarah khacandrarahito ’bdanadm gano granthajah || 18 || 


O king, the ruler called Lord Sabala has declared [to?] me: let [him] be thought of, by 
whom on earth the splendor of the king should be complete [and] everlasting; through him 
I, Haribhatta-Haridatta by name, state the determination of the planets along with finding 
the calendar and eclipses and so on, for your Saka year. 


When the Saka year of the ruler Salivahana [is] equal to 1550, the ruler Lord Jagatsimha 
makes his own Saka [era] produced by cutting off the greater [Saka year]. 


When [the desired Samvat year] of the protector of the world called Lord Vikrama is 
diminished by 135, [that] should be correctly the Saka year of the world-lord Salivahana. 
When that [Saka year] is diminished by 1550, [it is] the supreme [regnal] Saka year of 
the protector of the world, Lord Jagatsimha. [That regnal year] diminished by 10 is the 
accumulation of years pertaining to [the epoch of this] book. 


This elaborate praise of Jagatsimha is reinforced by a similar encomium repeated in 
every chapter colophon of the Jagadbhiisana: 


iti Sriganakacakraciidamanibhattasriharajitatputranijaharadattaviracite —nikhilardja- 
mandalimaulimamdanapratapanikaravidhvastaripumamdalavividhavidyavinodarasika- 
maharajadhirajamaharajasrijagatsimhanamamkite jagadbhisane [. . .] 


Thus in the Jagadbhisana named after the ruler of supreme rulers Lord Jagatsimha, the 
crest-jewel of the entire body of kings, whose adversaries are all destroyed, the essence of 
brilliance [who is] devoted to various branches of learning and arts; [which was] composed 
by Haridatta, son of the learned revered Harajt, the crest-jewel of the circle of excellent 
mathematicians [.. .] 


The astronomical material constituting most of the Jagadbhiisanaprabandha is 


summarized in Table 5.14, and its accompanying table content in Table 5.15. As 
these overviews indicate, the Jagadbhiisana partakes to some extent of the hybrid 


5.7 Jagadbhisana of Haridatta 237 


Table 5.14 Contents of the Jagadbhiisana-prabandha. 


Number 
Chapter Title of verses Contents 
1. Sun and moon siiryacandrasphuti- 1-36 Invocation/dedication: epoch date 
karana “true sun and Using tables to find initial offsets 
moon” Civil days, avadhis, solar/lunar 
positions 
The tithis, naksatras, yogas 
Time corrections 
2. Planets kujddisphutata “true 1-8, Cycle numbers 
planets” prose Using tables to find true velocity 
passages _ Direct/retrograde motion 
Lunar node 
Computations before/after epoch 
3. Locality-based vimisrasphutata 1-23 Ascensions, shadows 
quantities: time, “correct miscellaneous Verse table of sine differences 
direction, place [computations] Verse table of solar declination 
Local latitude 
Appearances of Canopus 
4. Eclipses ravindvor grahana 1-33 Importance of eclipses 
“eclipses of sun/moon” Eclipse limits, lunar latitude, disk 
size 
Eclipse magnitude, duration, 
deflection, parallax, colors 
Graphical projection; techniques 
for observing eclipses 
5. Calendar dinddisphutata “true 1-25 Annual offsets for tithis, 
day ete.” naksatras, yogas 


Constructing the paficdnga 
Sixty-year cycle 
Astrological predictions 


karana/sdrant nature seen in some earlier works such as the Rajamrganka. Versified 
algorithms, and in some cases short versified lists of values of functions such as sines 
or declinations, are as essential to its use as its enormous numerical tables are. 

The primary innovative feature of the Jagadbhisana is the cyclic arrangement 
of its planetary true longitude tables. As discussed in Section 2.3.2, cyclic tables 
enumerate these true positions depending only on the time since the start of some 
recurring cycle, rather than on a combination of the planets’ mean and synodic 
positions as in mean-to-true tables. Each planet has a cycle of different length, based 
on its own period relation of some integer number n of revolutions in true longitude 
completed in some integer number y of years. The advantages of this arrangement 
include the (theoretically) eternal applicability of the tables, as the planets return 
(almost exactly) to the same true positions after the same constant time increments, 
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Table 5.15 Tables of the Jagadbhisana. 
Tabulated quantity Tables Argument 


in cycle 


‘True longitude and velocity; synodic phenomena 


Mars 0-78 1-27 avadhis 
Mercury 0-45 1-27 avadhis 
Jupiter 0-82 1-27 avadhis 
Venus 0-226 = 1-27 avadhis 
Saturn 0-58 1-27 avadhis 
Annual lord of the year increment (weekday/time) 0-88 years 
Annual epact increment (tithis) 0-121 years 
Mean longitudinal displacement 
Moon 0-121 years 
1-27 avadhis 
1-13 days 
1-60 ghatis 
Lunar anomaly 0-42 years 
1-27 avadhis 
1-13 days 
1-60 ghatis 
Lunar equation and velocity correction 0-30 3° arc-units of anomaly 
Mean time correction functions 1-27 avadhis 
Solar true longitude and velocity 1-27 avadhis 
Length of daylight 1-27 avadhis 
Mean longitudinal displacement 
Lunar node 0-92 years 
1-27 avadhis 
Solar entries into zodiacal signs 12 zodiacal signs, 27 naksatras 
ou 5.16 aie of Planet Cyclic period (years) Revolutions per period 
ae ih s cycles for the Mars 79 2 
Mercury | 46 46 
Jupiter 83 7 
Venus 227 227 
Saturn 59 2 


and the convenient replacement of the double-argument combination of planetary 
and solar mean longitudes with the single input of time since epoch (modulo cycle 
length). 

The period relations employed by Haridatta are listed in Table 5.16. He calls 
these periods cakras, adopting the terminology used by, e.g., GaneSa for time cycles 
longer than a year. In fact, as illustrated by the examples shown in Table 5.17, 
much of the Jagadbhisana-prabandha is adapted or borrowed verbatim from 


5.7 Jagadbhisana of Haridatta 


239 


Table 5.17 Appropriations from verses of other texts identified in the Jagadbhisana. 


Chapter and verse —‘ Topic Source 

1.20 Civil days Candrarki 11 

1.2426 True moon Candrarki 16-17 

1.27 Mean motion of moon/anomaly Candrarki 14 

1.28 Reduction of arcs to first quadrant Karanakutihala 2.4 

1.33 naksatra and yoga Candrarki 23 

3.2-3 Right ascensions Karanakutihala 3.1-2 
3.4-5 Noon equinoctial shadow Grahalaghava 2.5 

3.6 Ascendant at given time Karanakutihala 3.3 

Be Divisions of ecliptic Grahalaghava 4.6 

3.9 Half-length of daylight; hour angle Karanakutihala 3.7 
3.11-16 Time for given ascendant Karanakutihala 3.3-6 
3.21-22 Terrestrial latitude Karanakutihala 3.16 
3.23 Heliacal rising/setting of Canopus Karanakutithala 6.15 

4.3 Latitude of the moon Grahalaghava 5.2 

44-5 Angular diameters Karanakutihala 4.7-8 
4.6 Magnitude Karanakutihala 4.9 

4.7 Half-duration Karanakutihala 4.10 
4.8-10 Phases of eclipse Karanakutihala 4.11-13 
4.13-15 Deflection Karanakutihala 4.14-16 
4.16 True lunar latitude at impact/release Karanakutihala 4.17 
4.18 Zenith distance Grahalaghava 6.1 
4.19-21 Longitudinal parallax Grahalaghava 6.2-3 
4.23-25 Corrected eclipse phases Grahalaghava 5.5 

4.25 Visibility of an eclipse Karanakutihala 5.9 
4.27 Colors Grahalaghava 5.6 
4.28-32 Graphical projection Karanakutithala 4.18—23 
5.4 dhruva of tithi, naksatra, and yoga Tithicintamani 5 

5.5-6 bhoga of tithi, naksatra, and yoga Tithicintamani 8 


these predecessors, primarily Bhaskara II, Dinakara and Ganega. Moreover, his 
parameters for the lord of year, lunar mean motion and lunar anomaly are those 
of the Mahddevi (Melnad Forthcoming). 

None of these earlier Sanskrit works, however, is directly responsible for the fun- 
damental and ingenious modification to the mean-to-true table structure represented 
by the cyclic arrangement. It is plausible that Haridatta learned of the planetary 
period relations underlying his cakras from some source ultimately derived from 
the Greco-Islamic astronomy tradition. In particular, both the Jagadbhiisana and 
the zi of al-Zarqali (epoch 1088 CE) use 83 years as the cycle length for Jupiter, as 
opposed to the 71 years of the Ptolemaic model. It is also not impossible that the 
south Indian vakya system of versified repeating patterns of true longitude played a 
role in Haridatta’s innovation, but a thorough analysis of the text will be required to 
sort out all the potential sources of his inspiration (Melnad Forthcoming). 
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The abovementioned slight inexactitude in the planetary period relations means 
that the tables are not in fact purely cyclic: that is, computing positions and synodic 
phenomena for any time more than one cakra beyond the epoch date requires small, 
mostly linear, additional corrections (see Figure 4.17). Unusually, Haridatta explains 
these neither in verse nor in tables, but rather in a series of prose instructions 
appended to the verses of his second chapter, as in the following excerpts (MS BORI 
399 f. 2r—2v: 


atha cakrabhrame gadyena samskdaro likhyate bhaumddinam || [.. .] 
budhasya cakrabhrame samskdro nasty eva || 


atha guror cakrabhrame yasya pankter guruh sddhyate tatpanktimadhye pratikosthakam 
kalas catvarimsa 40 rnam bhavanti || dvitryadicakrabhrama eta dvitryddigunita rnam karya 
|| iti gurucakrabhrame samskdarah || [.. .] 


atha granthasakat purva ced grahah sddhyante tada piirvoktam viparitam kadryam || iti 
bhaumdadipancakamadhye cakrasamskdrah || 


bhaumasya cakrabhrama udaydstavakramargesu sannavati ghatika 96 dhanam bhavanti 
|| budhasya cakrabhrama udaydstavakramargesu caturvimsadghatika 24 rnam bhavanti || 
guros cakrabhrama udaydstavakramargesu astacatvarimsad 48 ghatika rnam bhavanti || 


[...] 


dvitryadicakrabhrama eta dvitryddigunah samskdaryah || iti bhaumddinam cakrabhrama 
udayadvakramargesu samskarah || 


Now, the correction of Mars etc. when [there is] a completed cycle is written with a prose 
[section]. [.. .] 


When [there is] a completed cycle of Mercury, there is no correction at all. 


Now, when [there is] a completed cycle of Jupiter, whatever table [(pankti) the true 
longitude of] Jupiter is determined with respect to, 40 arcminutes are to be subtracted in that 
table [from] every table-entry. When there [are] two, three, etc., completed cycles, those 
[computed arcminutes] multiplied by two, three, etc., are subtracted. Thus the correction 
when [there are] completed cycles of Jupiter. [. . .] 


Now, if the planets are determined before the Saka [year] of [the epoch of] the book, the 
previously stated [procedure] is to be done in reverse. Thus the cycle-correction is applied 
in the five [planets] beginning with Mars. 


When [there is] a completed cycle of Mars, to the rise, set, retrograde and direct-motion 
[times] 96 ghatis are added. When [there is] a completed cycle of Mercury, to the rise, 
set, retrograde and direct-motion [times] 24 ghatis are subtracted. When [there is] a 
completed cycle of Jupiter, to the rise, set, retrograde and direct-motion [times] 48 ghatis 
are subtracted. [...] When there [are] two, three, etc., completed cycles, those corrections 
are multiplied by two, three, etc. Thus the correction to the rise, set, retrograde and direct- 
motion [times] when [there is] a completed cycle of Mars etc. 


5.8 Summary 


We have seen that several Sanskrit sadrani/kosthaka works were ultimately derived 
from Sanskrit astronomical handbooks or karanas, and indeed are sometimes 
referred to as karanas themselves. This close connection between the genres 
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persisted in, e.g., the Saurapaksa works of Rama writing in Kasi at the end of 
the sixteenth century. His handbook and table text, identically entitled Ramavinoda 
“sport of Rama,” are sometimes copied as a single work with the verses of the latter 
treated as the initial chapter of the former (Pingree 1970-94, A5.426-428). 

But the close relation between these astronomical genres does not mean that 
every astronomical table is merely a record of mechanically repeated applications of 
some algorithm prescribed by a karana. A table compiler might combine, simplify, 
or otherwise modify algorithms from various sources to produce his tabulated 
values, or might develop an innovative approach of his own like the various time- 
offsets devised in, e.g., the Makaranda and the Tithicintamani. And interpolation 
techniques were constantly invoked to ease the labor of filling in intermediate values 
within a table once certain key entries had been computed by more complicated 
methods. 

The specific interconnections between individual works will require a great deal 
of further scrutiny, analysis, and detailed textual scholarship to elucidate fully. We 
have noted several examples of the most easily identified forms of intertextuality in 
the table-text genre (besides the explicit dependence of the commentary/udaharana 
on a selected base-text): namely, direct copying from an earlier work, and creating a 
revision/abridgement of one, frequently with the word laghu prefixed to its title. But 
the foregoing discussion has barely scratched the surface of such issues; there are, 
at a conservative estimate, literally thousands of significant questions remaining to 
be investigated about how table entries were computed and how their accompanying 
texts were constructed. 


Chapter 6 Mm) 
Further explorations om 


The previous overview reinforces our original impression that the proliferation of 
table texts was one of the most important developments in Sanskrit astronomy in the 
second millennium. The flexible and innovative construction of sdranis increased 
computational convenience and efficiency for their users as well as affording new 
outlets for the creative ingenuity of their authors. Just in terms of sheer volume, we 
can tentatively infer from inventories of manuscript collections that tables account 
for over half of extant Sanskrit scientific manuscripts. It is all the more necessary to 
reiterate that this study remains very incomplete as a survey and analysis of these 
important texts. We conclude it with some supplementary details on the Indian table- 
text genre and some proposals for its further investigation. 


6.1 Interactions with other table-text traditions 


In addition to the vast ocean of Sanskrit astronomical tables derived from earlier 
jyotisa works, there is a far smaller but nonetheless informative corpus of Sanskrit 
tables directly derived from Islamic and European ones. Overwhelmingly, these 
tables form part of Sanskrit translations or adaptations of foreign astronomical 
works, usually produced in a metropolitan court hosting many scholars and 
scientists from different traditions. The results are interesting for their hybrid 
of traditional Sanskrit and “Sanskritized” foreign features, as illustrated by the 
following sample instances. (See also specific topics and tables in such works 
discussed in Sections 4.5 and 4.12.) 
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Fig. 6.1 Table of solar declination with e = 1415’ = 23°;35 from a manuscript of the Yantrardja 
(JVS 57.831 f. 51-v). 


6.1.1 Yantraraja of Mahendra: Manual on astrolabes, Delhi, 
1370 


The earliest known Sanskrit direct translation of Islamic astronomical material is 
the Yantrardja (“Astrolabe,” literally “king of instruments”) composed by Mahendra 
Siri in Saka 1292 (= 1370 CE).! Commissioned by Sultan Firiz Shah of Delhi, this 
guide to constructing and using astrolabes derives from an Islamic source or sources 
as yet unidentified (or perhaps partly or primarily on consultations with Muslim 
colleagues explaining such sources). 

Its accompanying tables follow typical zi conventions such as adopting the 
trigonometric radius value R = 3600 = 1, 0, 0 and the ecliptic obliquity value ¢ = 
23°;35 (see Figure 6.1).? Attempts are made in other ways, however, to integrate 


'For extensive scholarship on Mahendra and the Indian astronomical instrumentation tradition in 
general, see Sarma (2008) and the works cited therein. 

2For more details on the use of these values of R and e in the zijes of, e.g., al-Khazint (ca. 1130), 
Habash al-Hasib (ca. 850), al-Battani (ca. 900), Kishyar (ca. 1000), and al-Biriint, see Kennedy 
(1956, pp. 151-159). 
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Fig. 6.2 First two entries from the star-list table in a manuscript of the Yantraraja (JVS 57.831 
f. 7v). 


their content into the Sanskrit tradition, such as including in the geographical 
tables latitudes and ascensional differences for cities within as well as outside India 
(Raikva 1936, pp. 19-25). Moreover, the Yantraraja’s table of star coordinates (itself 
very typical of the zi genre) lists both the himduka-nadmani or Indian (Sanskrit) 
names and the ndgari-transliterated pdrasi-nama or Persian names in its columns 
(see Figure 6.2). 


6.1.2 Siddhantasindhu of Nityananda: Translated zz, Delhi, 
1628 


Nityananda, an astronomer at the Mughal imperial court of Shah Jahan, was 
commissioned by the emperor’s father-in-law Asaf Khan to produce a translation 
of the Persian Zij-i Shah Jahani composed by Farid al-Din Ibrahim al-Dihlawt. 
This zz in turn was based on another set of astronomical tables, the Sultani zz of 
Ulug Beg (Samarkand, ca. 1440) (Misra 2016). Nityananda named his composition 
Siddhantasindhu (“river/ocean of siddhdantas,” also a play on the name of the Sindh 
region) and, following the author of the Persian original, took as its epoch 1628, the 
year of Shah Jahan’s accession.* Comparing the two versions reveals some of the 
accommodations Sanskrit authors had to make when translating tabular data from a 
zij for audiences more accustomed to the Sanskrit kosthaka format. 

Most immediately obvious is the reversal of the Arabic/Persian right-to-left 
presentation of data and tables into the left-to-right orientation normal to Sanskrit, 
illustrated in Figures 6.3 and 6.4. The former shows the zij’s shadow/cotangent table 
for | to 90° of solar zenith distance, entitled jadwal al-zill al-thani wa-yusmd al-zill 
al-mustawi “Table of the second shadow, [which] is called the right [i.e., vertical] 
shadow.” These shadow lengths (cast by a horizontal gnomon, thus equivalent to the 
cotangent of the solar zenith distance) are tabulated in Arabic alphanumeric abjad 
numerals for three different standard gnomon measures: 60 (as-sittini “sixties”), 12 
(al-asabi‘ “digits’”), and 7 (al-aqdam “feet’). The table begins in the top right corner 
and the numerical entries in order of increasing argument are read from right to left 
and from top to bottom. 


3Examples of its tables are shown in Figures 4.26, 4.30, and 4.65. 
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Fig. 6.3 Table of vertical shadow/cotangent of solar zenith distance, from a manuscript of the 
Zij-i Shah Jahani (British Library OR 372 f. 39v). Shadow lengths in abjad numerals for three 
different horizontal gnomon measures for 1-45° of argument are tabulated top to bottom in the 
three columns of the right half, and for 46-90° of argument in the left half. 
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Fig. 6.4 Sanskrit version of the above zi table of vertical shadow/cotangent of solar zenith 
distance, from a manuscript of the Siddhantasindhu (Jaipur Khasmohor 4962 f. 47r). 
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Figure 6.4 shows Nityananda’s version of the same shadow table. Entitled 
pratilavasamachaya “Right [i.e., vertical] shadow per degree,” it lists the three 
gnomon measures as 60 (sastisamkuchaya, “shadow of a 60[-unit] gnomon’”), 12 
(dvadasasamkubha, “shadow of a 12[-unit] gnomon’”), and 7 (saptamgulachaya, 
“shadow of a 7-digit [gnomon]” presumably in error for “7-foot’?). In its reversed 
“Sanskritized” layout the original columns for the three gnomon measures become 
rows, arranged in three horizontal blocks for 30° intervals of argument instead of 
in two vertical blocks for 45° intervals, and the sexagesimal digits of the individual 
table entries are stacked vertically instead of horizontally. 


6.1.3 Phirangicandracchedyopayogika: European lunar 
theory, Jaipur, 1734 


The process of transmitting and adapting foreign tables was especially active at the 
court of Maharaja Jayasimha of Amber (r. 1700-1743) under the Mughal emperor 
Muhammad Shah (Pingree 1999, 2002, 1987a). Renowned for his patronage of the 
astral sciences, Jayasimha acquired not only a number of zijes in Arabic and Persian, 
but also (from a resident Portuguese astronomer, Pedro da Silva) a copy of the 1727 
edition of a Latin treatise on Copernican astronomy entitled Tabulae astronomicae 
by Philippe de La Hire. With the help of da Silva and subsequently of some French 
Jesuits better schooled in de La Hire’s work, the jyotisis at Jayasimha’s court in 
Jaipur produced various translations and adaptations of the Tabulae, along with 
Sanskrit versions of its numerical tables. 

One of the Sanskrit works inspired by de La Hire’s treatise was entitled Phirangi- 
candracchedyopayogika (“Concerning the use of the European lunar diagram’), 
composed around 1734. Figure 6.5 shows de La Hire’s Latin table of the correction 
to Saturn’s longitude due to the so-called reductio or projection of its motion 
along its orbit to the ecliptic, as well as the corresponding Sanskrit version in the 
Phirangicandracchedyopayogika. The table’s argument, as indicated by the column 
header arg. latit. (argumentum latitudinis), runs from 0 to 30° (gradus) of each 
zodiacal sign of Saturn’s argument of latitude: namely, its elongation along its orbit 
from its orbital node. This is rendered in the Sanskrit version by the table caption 
Sara-phala, literally “equation of latitude.” 

The translated table is structurally and numerically identical to the Latin original, 
with the entries read top to bottom for the specified zodiacal signs in the first and 
third quadrants, and bottom to top for the signs in the second and fourth quadrants. 
The column headers/footers of the translation write out the Sanskrit names of the 
relevant zodiacal signs in place of their Latin numerals 0—XI, and add the arithmetic 
sign indicators r (for rna) “negative” and dhana “positive” at top and bottom, 
respectively, to convey the sense of the Latin Reductio Subtrahenda descendendo 
“the reduction [correction] is to be subtracted when going down [the table]” and 
Addenda ascendendo “added when going up.” The ndgari numerals include dandas 
to separate the sexagesimal digits of the entries. 
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Fig. 6.5 Left: A table of the reductio or reduction of longitude to the ecliptic for Saturn from the 
1727 edition of the Tabulae astronomicae (de La Hire 1727, p. Tabulae 46). Right: The Sanskrit 
version of this table from a manuscript of the Phirarigicandracchedyopayogika (Jaipur Khasmohor 
5292 f. 39r). 
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6.2 Regional, institutional, and intellectual trends in 
table-text authorship 


The question of why particular jyotists composed or embraced particular table 
texts in particular localities at particular times is as large as Indian second- 
millennium intellectual history itself, about which we still know far too little. 
We can infer from evidence about the provenance of table-text manuscripts that 
the very rough correlations between astronomical paksa and geographical region 
discussed in Section 1.2.3 still more or less hold true for the astronomical tables 
genre. The Aryapaksa vakya compositions in southern India, the Brahmapaksa and 
GaneSapaksa tables dominating northwestern regions, and the Saurapaksa tables 
originating in central and eastern India (Rupa K. et al. 2014, pp. 192-194) illustrate 
the persistence of these overall trends. We can add to these roughly sketched 
patterns a few other fairly obvious broad inferences, e.g., that Sanskrit translations 
of Islamic astronomical tables typically proceeded from environments of courtly 
patronage, or that vernacular adaptations of established Sanskrit sadrani works 
suggest dissemination into more popular and practical spheres of activity within 
Jyotisa. 

Ultimately, however, identifying and understanding the connections among 
Sanskrit table texts crucially depends on tracing the multitudes of individual 
connections between their authors, and the prosopography of these jyofisis is still 
in a very rudimentary state. But the pioneering work of, e.g., Dikshit (1969, 
1981) and Pingree (1970-94, 1981), along with some additional information from 
manuscripts, enables us to discuss the following selected examples. Most of them 
are connected in some way with early modern Kasi, illustrating the prominent role of 
that city as a contemporary center of Sanskrit learning and its consequent attraction 
for migrating Sanskrit scholars (O’ Hanlon 2013). 

The famous Ganeéa, initiator of the Ganesapaksa in Nandigrama in about 1520 
(see Section 5.6), also had accomplished astronomers for his father (KeSava of the 
Kausika gotra, author of several works in astronomy and astrology) and brothers. 
Besides his own son(s) and his nephew Nrsimha, Ganeéga is known to have taught 
Divakara of the Bharadvaja gotra from Golagrama on the northern bank of the 
Godavari River in eastern Maharastra, who later moved to Kasi. Divakara’s five 
sons include the abovementioned brothers Visvanatha, Visnu, and Mallari, whose 
nephew Nrsimha along with his own three sons Divakara (II), Kamalakara, and 
Ranganatha likewise contributed significantly to the flourishing study of jyotisa in 
that city. 

At about the same time as the migration of Divakara’s family, a jyotist named Ba- 
llala of the Devaratra gotra also relocated to Kasi, from a village called Dadhigrama 
on the banks of the Payosni, probably also in eastern Maharastra. He likewise had 
five sons, some of whom contributed books and/or sons of their own to the cause of 
Sanskrit astronomy. 

The output of these dozen or so astronomers in the course of about a century, 
even leaving aside the seminal works of Ganesa on which much of it was based, 
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is a remarkable and highly complex achievement that requires far more detailed 
analysis. Not the least interesting aspect of their work is the variation it reveals 
in the amount of attention the different authors paid to table texts. Some of the 
descendants of Divakara (I) and of Ballala wrote commentaries and udaharanas on 
tables, especially the prolific ViSsvanatha who produced no fewer than three along 
with multiple commentaries on karana and astrological texts. Visvanatha’s grand- 
nephew Divakara (II) likewise commented on (among others) the Patasarani and 
the Makaranda, while his brother Kamalakara composed only a highly theoretical 
siddhanta in the classical form, along with expositions of other such works. Was this 
an indication of differences between the brothers in professional duties requiring 
different amounts of astronomical calculation, or in estimation of scholarly prestige 
attached to practical versus theoretical expositions, or simply in personal interests 
or proficiency in composing Sanskrit verse? 

All such questions about individuals’ involvement with the table-text genre 
remain entirely unanswered for almost all brahmana jyotists working in Sanskrit 
in the second millennium. (The role played by their Jaina counterparts in this genre 
is even more obscure; at present, we know of no Jaina authors of Sanskrit works on 
tables designed to aid in construction of paficangas, prediction of eclipses, or other 
crucial aspects of liturgical calendars like those with which most brahmanas were 
constantly engaged.) We hope that the foregoing investigations will highlight the 
need for more thorough study of these issues. 


6.3 The roles of scribes and users in creating and modifying 
table texts 


The examples in Section 3.2 and elsewhere have illustrated many of the variations 
in format and layout that scribes can introduce when copying astronomical tables. 
Since astronomers in many cases made their own copies of such books for 
themselves or their pupils, the distinction between the categories of “user” and 
“scribe” is not always sharply marked. If the copyists were proficient in working 
with tables, they might make such modifications deliberately and, in some cases, 
might even extend them to the basic tabular or textual content of the work. 

These speculations find some corroboration in manuscripts of Sanskrit table 
texts. For instance, equivalent tables of the udaydntara “rising-difference,” or 
component of the equation of time correction due to the obliquity of the ecliptic, 
in three manuscripts of the Brahmatulyasarani are reproduced in Figures 4.28 
and 6.6. Some of the differences in the ways their compilers organized and placed 
them are summarized in Table 6.1. These udaydntara tables also contain three 


4See, e.g., Pingree (2003, pp. 164-166). The dearth of prosopographical information lamented in 
Section 6.2 concerning the authors of Sanskrit scientific texts is even more marked when it comes 
to their copyists and their readers. 
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Fig. 6.6 Rising-difference (udaydntara) tables from two manuscripts of the Brahmatulyasarant. 
Top: Smith Indic 43 f. Ir. Bottom: Smith Indic MB LVIIH f. 5v. 


Table 6.1 Comparison between features of the udaydntara table in three different manuscripts of 
the Brahmatulyasdrani, in argument step length, table entries, and table placement. 


Max. value 
Manuscript Steps (sun/moon) — Placement 
MS Smith Indic 45 2° 24;0/5;42,51 After the lunar manda-equation, 
(Figure 4.28) followed by the correction to Mars’ 
apogee, then Mars’ manda-equation. 
MS Smith Indic 43 1° 24/5;42 Beginning of MS, followed by the 
(Figure 6.6, top) correction to Mars’ apogee and then 
solar manda-equation table. 
MS Smith Indic MB LVHI 1° 0;24/5;43 End of MS, after Saturn’s mean 
(Figure 6.6, bottom; separate longitudinal displacement. 
tables for sun/moon) 
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Fig. 6.7 Title paratext of the rising-difference (udaydntara) table from three manuscripts of the 
Brahmatulyasarani. Top: Smith Indic 45 f. 7v. Middle: Smith Indic 43 f. lr. Bottom (two excerpts): 
Smith Indic MB LVIII f. 5v. 


different versions of the title paratext, all derived from the following verse in the 
Karanakutihala of Bhaskara (Mishra 1991, p. 29, verses 2.18), and reproduced in 
Figure 6.7: 


dvighnasya dorjya Sarahrd vilipta 
bhanor vidhoh kvaksihrtah kalas tah|| 
svarnam ca yugmau jayadasthite ’rke 
kramena karmetyudayantarakhyam|| 18 || 


The sine [of the mean longitude of the sun] multiplied by 2, divided by 5, is the [correction 
in] arcseconds for the sun. [The same quantity in the case] of the moon is divided by 21; 
[the result is in] minutes. And these are [applied] positively or negatively when the sun is 
standing in an even or odd quadrant respectively. That is the operation called the ‘[equation 
of time] correction for ecliptic obliquity.’ 


The title versions in the different manuscripts are as follows: 
Smith Indic 45: 
atha ravicamdrayor udayamtaram kostakah dvighnam bhujamsopari 


Now, the tabular values [for] the rising-difference [correction] pertaining to the sun and the 
moon [with its] superscribed [argument] the degrees of the longitudinal arc multiplied by 2. 


Smith Indic 43: 


madhyamam ravisdyanam dvighnam ca vidhadya bhujah kdadryas tadamsopari raver 
udayamtaram vikalatmakam tadadhas camdrasya kaladikam sadyane madhyamaravau 
yugmapadasthe dhanam ojapadasthe rnam | sdyanastryasya dvighnasya dorjya Sarahrd 
vilipta bhanoh vidhoh kvaksi 21 hrta kala sphuti udayamtaram karyam | 


[When one] has determined the precession-increased mean [longitude] of the sun multiplied 
by two, a bhuja (i.e., an arc reduced to the first quadrant) is to be made; the rising-difference 
[correction] of the sun [with its] superscribed [argument] in degrees of that [is given in] 
arcseconds (vikald). Below that, the minutes and so on of the moon. When the precession- 
increased mean [longitude of the] sun is situated in an even quadrant, it is positive; situated 
in an odd quadrant, it is negative. The sine of the precession-increased [mean longitude 
of the] sun multiplied by 2, [in] arcseconds (vilipta) [when] divided by 5 for the sun, [in] 
arcminutes (kala) [when] divided by 21 for the moon, is to be made [as] the accurate rising- 
difference [correction]. 
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vei ee a) Bus 
SORES RR, Ras Se 


Fig. 6.8 Table of epact from a manuscript of Haridatta’s Jagadbhiisana (Smith Indic 146 f. 96v), 
with paratext containing a quote from the Candrarki of Dinakara, presumably added by the scribe. 


Smith Indic MB LVHI: 


atha dvighnasdyanaravibhujasopari ydtaphalam kalddi | ojapade rnam | yugmapade 
dhanam || 


atha camdrasya yamtaphalam vikalddiravivad dhanarnam | 


Now, the rising-difference [correction] (yataphala) [with its] superscribed [argument], the 
arc (bhuja) of the precession-increased mean [longitude of the] sun multiplied by two, is in 
minutes and so on. In an odd quadrant it is negative, in an even quadrant, positive. 


Now, the rising-difference of the moon is positive or negative similarly to [that of] the sun 
in arcseconds (vikald) and so on. 


A similar instance of (presumably) a scribe’s adding supplementary quoted 
material to table paratext is illustrated in Figure 6.8, which shows the first part of 
an annual epact table from the Jagadbhisana of Haridatta (Section 5.7). After the 
title atha prativarsasuddhikosthakah (“Now, the tabular entries of annual epact’”) 
appears some text not found in Haridatta’s own verses but evidently borrowed from 
the Candrarki of Dinakara (Kolachana et al. 2018, p. 331, verse 13ab): 


Jagadbhisana: §uddhau viyadriipakaras trayam ca masa gata maddhavato vicintyah 
Candrarki: Suddhau viyadriipakarastadirdhve | masa gata madhavato vicintyah 


“Tf the epact [quotient with 30 happens to be] beyond zero, one or two [or three], [then] the 
elapsed months are to be considered [as starting] from Vaisakha’”. 


This rule seems to imply something equivalent to the practice of adding an 
intercalary month if the epact is greater than 30 tithis.° 

The scribe/compiler of a table text may also, as we have seen in the comparisons 
in Tables 5.6 and 5.11 relating to the Makaranda and the Grahalaghavasarini 
respectively, adjust the tables’ epoch to a more convenient period by choosing 
to omit or augment some of the work’s given multi-year cycles. Occasionally an 
entirely new table may even be added. Consider, for example, the mean longitude 
displacement tables excerpted in Figure 6.9. The top image shows part of the 
standard vatikd table (Section 4.1) with mean longitude increments for Mercury, 


5Not having seen at time of writing more than one manuscript of the Jagadbhiisana’s tables, we 
cannot conclude definitively that this addition is due to a scribe rather than forming part of Hari- 
datta’s own table paratext, but it seems likely. 
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Fig. 6.9 Excerpts from the mean longitudinal displacement table for Mercury from a manuscript 
of the Makaranda (which includes a similar table for Venus). Top: The standard table as it appears 
in all MSS (Smith Indic 135 f. 14v). Bottom: Table of sexagesimal-complement values of the above 
table (Smith Indic 135 f. 38r). 


while the entries in the bottom table (which is placed, with a similarly constructed 
table for Venus, at the end of the manuscript) are the sexagesimal complements of 
those in the former. The purpose of these additional tables is not explained. 


6.4 Future directions 


Among the many fundamental aspects of Indian table texts not addressed in this 
study due to lack of space and time, one of the most central is the nature and 
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role of non-Sanskrit table texts. Vernacular scientific literature, as has been ably 
noted in, e.g., Rupa K. et al. (2014), was intertwined with Sanskrit works and 
undeniably has much to tell us about them. In the same vein, the corpus of ephemera 
constituting individual paficanga and horoscope texts must be probed to understand 
the connections between the knowledge and skills maintained by practitioners of 
Jyotisa and the content of its ultimate end products. 

Even the topics that we have addressed here contain innumerable questions that 
remain unanswered. For example, it is still not clear exactly how or when, or why, 
astronomers developed the time-unit of the avadhi so ubiquitous in table texts. Nor 
do we really understand why so many computed and tabulated quantities such as 
parallax and equation of time are structured as separate components in Indian tables 
and other astronomical works, instead of being “bundled” as a combined correction 
as in their Ptolemaic counterparts. Seeming minutiae such as the selection (and 
invention) of specialized units of measurement, the initialization of table arguments 
at 0 rather than 1, and the use of cycle-complements of desired quantities rather than 
the quantities themselves are small but insistent indicators of how much still needs 
to be explained about Indian astronomical tables. 

Underlying all these details are several deeper issues concerning the intellectual 
and professional development of Indian astronomy in the second millennium. For 
instance, were the endlessly multiplied individual variations in the structure and 
format of tables employed as a sort of professional “brand” for compilers of table 
texts? To what extent was a particular set of tables viewed, or intended to be 
viewed, as a particular author’s composition as opposed to a customizable reference 
work that could be modified to fit users’ differing requirements? Most importantly, 
we seek to know how these works fit into contemporary trends of “classical” 
renewal and “modern” innovation in Sanskrit intellectual history as a whole. Did 
astronomical table texts merely supplement the ancient genres of versified treatise 
and handbook, or to some extent replace them, or provide a way to bypass some of 
their content?° 

The first major step in the lengthy process of elucidating these issues should be 
establishing the textual sources. The present study has relied on an unsystematic mix 
of published editions and manuscripts to explain some key features of the material, 
but reliable critical editions of tables as well as their accompanying instructions 
are urgently needed for deeper investigations. We suggest prioritizing some of 
the table texts discussed in Chapter 5 that have already been incompletely and/or 
non-critically edited: namely, the Rajamrganka, the Grahajfana, the Makaranda 
and the Mahddevi. (A critical edition of the Jagadbhisana will appear shortly in 
Melnad (Forthcoming)). Other important works that should be published in the 
near future include the Sighrasiddhi of Laksmidhara, which includes parameters 


©The larger topic of the evolution of Sanskrit textual traditions in the mid-second millennium, and 
their testimony to a flourishing intellectual dynamism combined with tension between canonical 
authority and new ideas, has been broached in the recent project “Sanskrit Knowledge-Systems on 
the Eve of Colonialism,” see Pollock (2002). In the specific context of jyotisa, similar questions 
are addressed in, e.g., Minkowski (2002). 
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from both the Aryapaksa and the Brahmapaksa, and the two works of Rama 
entitled Ramavinoda—one a karana and the other a kosthaka—based on Saurapaksa 
parameters. 

Another unexplored mine of textual material is furnished by the many table 
texts composed in the hundred or more years following the chronological stopping 
point of this study in the mid-17th century. Several of these newer works (listed 
in Appendix A) stand out for their potential to testify to continuing innovation and 
adaptation within their genre. For example, the only cyclic table text other than 
Haridatta’s Jagadbhisana that we know of appears in this period: the Brahmapaksa 
Grahasiddhi or Bhramanasdrani of Trivikrama of Rajasthan. An initial inspection 
of this work reveals many similarities with the Jagadbhisana but also many 
modifications to improve precision and ease of use. These cyclic table texts, despite 
their scarcity, are crucial to understanding the history and circulation in various 
scientific traditions of the planetary “goal-year period” parameters that emerged in 
ancient West Asia. Other later works in need of further study include the following: 


Ganitaraja of Kevalarama Paficanana (1728). This Saurapaksa mean-with- 
equation table text from north-east India is one of the most comprehensive sets 
of Sanskrit tables known, comprising detailed planetary, calendric, and eclipse 
tables. Pingree (1981, p. 44) has suggested that its positive-normalized equation 
tables may reveal inspiration from Islamic sources (although note that we have 
seen in Section 4.10 Makaranda’s somewhat similar adjustment of table entries 
to make them always additive). 

Pattraprakasa of Visramasukla (1777). Another Saurapaksa work combining 
planetary and calendric tables in this case composed at Kast with mean-to-true 
arrangement. 

Jayavinodasarani of Jayasimha. Maharaja Jayasimha of Jaipur (r. 1700-1743), 
an enthusiastic patron of the sciences, is credited with compiling this calendric 
table text as well as commissioning the Sanskrit translation Samratsiddhanta of 
the text and tables of al-Tiisi’s Arabic recension of Ptolemy’s Almagest. 


The continued importance of Ganesa’s Grahalaghava to table compilers also 
should not be (longer) neglected. Many so-called Grahalaghavasarini works well 
into the eighteenth century perpetuated its parameters and methods, each with its 
own variations in content and format. One of the Grahalaghava’s cakra dates or 
cycle transitions (see Section 5.6.1) was adopted as the epoch of another “spinoff” 
work, the 1773 Grahadgama of Govindasinu. 

Finally, the process of editing table texts will require extensive reconstructions 
and statistical analyses of the table data, not merely for detecting scribal errors but 
also for extracting or “squeezing” underlying parameter values. This will reveal 
much additional information about the technical relationships connecting table texts 
with karanas and siddhantas, as well as the computational techniques employed by 
Jyotisa practitioners. 


Appendices 


Appendix A 
Inventory of Sanskrit table texts 


The following inventory does not pretend to be a complete list of every surviving or 
known table text in Sanskrit astronomy. It is unlikely that any such list could ever be 
compiled, especially if the category of table text is taken to include every individual 
pattra, kosthaka or sarani written out by astronomers for their personal use. But 
the items shown here contain all the named and recognized table texts known to us, 
along with basic information about their date, authorship, and connections to other 
works. 

Each listing contains the work’s title as well as the following details, where 
available: 


* epoch/composition date (Common Era dates have been converted or recon- 
structed from external sources) 

¢ author 

¢ geographical location, including latitude where known 

* astronomical paksa, format, and/or “school” tradition to which the work belongs 

e standard reference citations about the work 

* commentators, with titles and dates of their commentaries where known 

¢ other miscellaneous information 


Ananta sudharasasarani (ca. 1525 CE) 
Ananta 
(Pingree 1970-94, A1.40, A5.5; Pingree 2004, pp. 29-33) 


Karanakesart Saka 1603 (1681 CE) 

Bhaskara 

Saudamika (Gujarat? @ = 22°;35,39) 

Brahmapaksa 

(Pingree 1970-94, A4.328, A5.263; Pingree 1968, pp. 70-72; Montelle and Plofker 
2013) 
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Khagatarangint (1608 CE) 
Goparaja 

Saurapaksa 

(Pingree 2003, pp. 74-78) 


Khecaradtpika Saka 1571 (1649 CE) 

Kalyana 

(Gujarat/Rajasthan) 

Brahmapaksa, mean-to-true 

(Pingree 1970-94, A2.25; Pingree 1968, pp. 61-2; Pingree 1981, p. 43) 


Khecarasighrasiddhi/Grahasarani Saka 1552 (1630 CE) 

Gangadhara 

Kasi 

GaneSapaksa, mean-with-equation 

(Pingree 1970-94, A2.82-85, A4.70, A5.65; Pingree 1981, p. 43; Pingree 1973, 
pp. 134-141) 


Khetakasiddhi Saka 1500 (1578 CE) 

Dinakara 

Barejya, (Bariya, Rewa Kantha, Gujarat) 

Brahmapaksa, mean-to-true 

(Pingree 1970-94, A3.102-104, A5.139; Pingree 1968, pp. 51-3; Pingree 1973, 
pp. 101-112; Pingree 1981, p. 42; Pingree 2003, p. 65) 


Khetakautithala (1619 CE) 

Sirajit 

(Ahmadabad?) 

(Pingree 2003, pp. 79-80) 

udaharana of 1628/9 CE (Khasmohor 5602) 


Khetatarangini Saka 1624 (1702 CE) 

Apadeva 

Janasthana, Maharastra 

GaneSapaksa, mean-with-equation 

(Pingree 1970-94, A1.49-50, A3.15; Pingree 1981, p. 43) 


Khetamuktavali Saka 1488 (1566 CE) 

Nrsimha 

Nandigrama, Gujarat 

GaneSapaksa, mean-to-true 

(Pingree 1970-94, A3.202—204, A4.162, A5.202; Pingree 1980; Pingree 1981, 
p. 42) 


Appendix A 263 


Ganakananda (1447 CE) 
Strya 

Saurapaksa 

(Rupa 2014, p. 42) 


Ganitamakaranda (1618 CE) 

Ramadasa Dave 

Suddhadanti, Marwar 

(Pingree 1970-94, A5.490; Pingree 2004, p. 36) 


Ganitaraja Kali 4829 (1728 CE) 

Kevalarama Paficanana 

Navadvipa, Bengal 

Adjusted Saurapaksa, mean-with-equation 

(Pingree 1970-94, A2.63, A4.63, A5.54; Pingree 1973, pp. 158-168; Pingree 1981, 
p. 44) 


Grahakalpataru/Manipradipa Saka 1487 (1565 CE) 
Raghunatha 

Kast 

(Pingree 1970-94, A5.372; Pingree 2003, pp. 62-64) 


Grahakaumudi Saka 1510/1525 (1588/1603 CE) 

Nrsimha 

Nandigrama, Gujarat 

GaneSapaksa, mean-to-true 

(Pingree 1970-94, A3.202—204, A4.162, A5.202; Pingree 1973, pp. 118-123; 
Pingree 1981, p. 42) 


Grahajfiana Saka 1054 (1132 CE) 

Asadhara 

(Gujarat) 

Brahmapaksa, mean-to-true 

(Pingree 1970-94, A1.54, A2.16, A3.16, A4.28, A5.17; Pingree 1973, pp. 69-72; 
Pingree 1981, p. 42; Pingree 1989) 

Ganitaciidamani of Harihara (fl. ca. 1575) 


Grahapraka@Sa Saka 1584 (1662 CE) 

Devadatta 

Adjusted Saurapaksa 

(Pingree 1970-94, A3.119; Pingree 1973, pp. 142-148) 
commentary of Devadatta 
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Grahaprabodha Saka 1541 (1619 CE) 

Nagesa 

Gujarat 

GaneSapaksa, mean-with-equation 

(Pingree 1970-94, A3.145-146, A4.125, A5.167; Pingree 1968, pp. 63-64; Pingree 
1981, p. 43) 

uddharana of Yadava (Saka 1585 = 1663 CE) 


Grahalaghavaviyamadhyamaspastarkasarini Saka 1447 (1525 CE) 
(Pingree 1968, p. 50) 


Grahalaghavasarini Saka 1676 (1754 CE) 
GaneSapaksa, mean-with-equation 
(Pingree 1968, pp. 69-70; Pingree 1973, pp. 93-99) 


Grahalaghavasarini (ca. 1630 CE) 
Nilakantha 
(Pingree 1970-94, A3.174, A4.142, A5.184—185; Pingree 2003, pp. 80-83) 


Grahalaghavasarini Saka 1578 (1656 CE) 
Prema 
(Pingree 1970-94, A4.229, A5.226; Pingree 2003, pp. 87-90) 


Grahasiddhi/Bhramanasarant —Samvat 1776 (1704 CE) 

Trivikrama 

Nalinapura, Rajasthan 

Brahmapaksa, cyclic 

(Pingree 1970-94, A3.93, A4.105; Pingree 1968, pp. 64-66; Pingree 1981, pp. 43-— 
44) 

uddaharana of Trivikrama 


Grahagama Saka 1695 (1773 CE) 

Govindastinu 

Siposi, Rajasthan 

GaneSapaksa, mean-with-equation 

(Pingree 1970-94, A2.143, A4.86; Pingree 1973, pp. 168-169; Pingree 1981, p. 44) 


Candrarkt Saka 1500 (1578 CE) 

Dinakara 

Barejya, (Bariya, Rewa Kantha, Gujarat) 

Brahmapaksa, mean-to-true 

(Pingree 1970-94, A3.102-104, A4.109, A5.138-9; Pingree 1968, pp. 51-3; 
Pingree 1973, p. 101; Pingree 1981, p. 42; Pingree 2003, pp. 65-68) 
Candrarkitippana of Dinakara 
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Candrarkt Saka 1577 (1655 CE) 

Acalajit 

Muraripupura, Gujarat 

Brahmapaksa/Saurapaksa 

(Pingree 1970-94, A4.12; Pingree 1981, pp. 45-6) 


Camatkarasiddhi Saka 1549 (1627 CE) 
Virasimha 

Bikaner 

(Pingree 1981, p. 45; Sarma 1945) 


Jagaccandrikasarint Samvat 1725 (1668 CE) 
(Jaina author) 
(Pingree 2003, pp. 90-91) 


Jagadbhisana Saka 1560 (1638 CE) 

Haridatta 

Mewar, Rajasthan (@ ~ 24, Ujjain, Madhya Pradesh?) 

Brahmapaksa, cyclic 

(Pingree 1968, pp. 55-9; Pingree 1973, pp. 141-142; Pingree 2003, pp. 83-87; 
Montelle 2014) 


Jayavinodasarani Saka 1657 (1735 CE) 
(Jayasimha) 

Amber Palace, Jaipur, Rajasthan 

(Pingree 1968, pp. 66-7; Pingree 1981, p. 46) 


Tithikalpadruma/Paficangapatraracané Saka 1527 (1605 CE) 

Kalyana 

Mangalapura, Saurastra 

Brahmapaksa 

(Pingree 1970-94, A2.24—5, A4.47, A5.28; Pingree 1973, pp. 123-128; Pingree 
1981, p. 45) 


Tithikalpalata Saka 1281 (1359 CE) 
(Pingree 1973, pp. 89-92; Pingree 2004, pp. 20-21) 


Tithikamadhenu Saka 1279 (1357 CE) 

Mahadeva 

Tryambaka, Maharastra 

Aryapaksa 

(Pingree 1970-94, A4.376-77; Pingree 1973, pp. 82-89; Pingree 1981, p. 44) 
commentary of Ananta (fl. ca. 1575) 
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Tithicintamani Saka 1447 (1525 CE) 

Ganesa 

Nandigrama, Gujarat 

GaneSapaksa 

(Pingree 1970-94, A2.100-103, A3.28, A4.74-5, A5.73; Pandeya 1938; Apate 
1942b; Pingree 1968, pp. 47-50; Pingree 1973, pp. 100-101; Pingree 1981, p. 45; 
Ikeyama and Plofker 2001) 

Harsakaumudi of Nrsimha (b. 1548) 

Siddhantarahasyodaharana of Visvanatha (fl. 1454/1458) 

tippana of Vyenkata alias Bapt 

Manicandrika of Yajfiesvara Rode (fl. 1815/1842) 


Tithicidamani/Kamadhenu — (ca. 1560-1580 CE) 
Ramacandra 
(Pingree 1970-94, A5.479-480; Pingree 2003, p. 65) 


Tithidarpana 

Murari 

Kast 

Saurapaksa 

(Pingree 1970-94, A4.441; Pingree 1973, pp. 149-153; Pingree 1981, p. 46) 


Tithisarani/Dinakarasarani Saka 1505 (1583 CE) 

Dinakara 

Barejya, (Bariya, Rewa Kantha, Gujarat) 

Brahmapaksa 

(Pingree 1970-94, A3.104, A5.139; Pingree 1973, pp. 112-114; Pingree 1981, p. 45 
Pingree 2003, pp. 68-69) 


Tithisarant 

Trivikrama 

Nalinapura, Rajasthan 
Brahmapaksa 

(Pingree 1970-94, A3.93) 
commentary of Trivikrama 


Tithisarant 

Kevalarama Paficanana 
Navadvipa, Bengal 
(Pingree 1970-94, A2.63) 


Tithyadicintamani Samvat 1643 (1586 CE) 

Dinakara 

Unnatadurga (Uparkot in Junagadh, Saurastra) 

(Pingree 1970-94, A3.104—5; Pingree 1968, p. 51; Pingree 1981, p. 45) 
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Tydgarti/Grahaganitapadakani Kali 4813 (1712 CE) 
(p © 14°) 
(Rupa 2014, pp. 40-41) 


Dinacandrika (1599 CE) 
Raghavasarman 
(Pingree 1984, pp. 24) 


Drkpaksasarani 
Kevalarama Paficanana 
Navadvipa, Bengal 
(Pingree 1970-94, A2.63) 


Daivajiiavallabha_ (1447 CE) 
Sumiéra 

Nepala 

Ardharatrikapaksa 

(Pingree 1981, p. 45) 


Paiicangavidyadhart Saka 1565 (1643 CE) 

Vidyadhara 

Rajakota, Saurastra 

Aryapaksa/Brahmapaksa 

(Pingree 1970-94, A5.648; Pingree 1968, pp. 60-61; Pingree 1973, p. 142; Pingree 
1981, p. 45) 


Paficangasarint (1735 CE) 
Kevalarama 

Jaipur 

(Pingree 2003, p. 93) 


Paficangasiddhi (1529 CE) 
GaneéSa (alias Ganapati) 
(Pingree 1984, pp. 20) 


Pattraprakasa Saka 1672 (1750 CE) 

Visramasukla 

Kast 

Adjusted Saurapaksa 

(Pingree 1970-94, A5.660; Pingree 1973, pp. 170-5; Pingree 1981, pp. 46) 


Patasarant Saka 1444 (1522 CE) 
Ganesa 

Nandigrama, Gujarat 

Ganesapaksa 
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(Pingree 1970-94, A2.100, A4.74, A5.72; Pingree 2003, pp. 59-60) 
commentary of Divakara (fl. 1575) 

commentary of Visvanatha (ff. 1612/1634) 

commentary of Dinakara (ff. 1839) 


Brhattithicintamani Saka 1471 (1552 CE) 

Ganesa 

Nandigrama, Gujarat 

Ganesapaksa 

(Pingree 1970-94, A2.104, A3.28, A4.75, A5.73; Apate 1942a; Pingree 1968, 
pp. 50-51; Pingree 1973, p. 101; Pingree 2003, pp. 60-61) 

Subodhint of Visnu (fl. ca. 1575) 


Brahmatulyasarani Saka 1105 (1183 CE) 

(Nagadatta?) 

Brahmapaksa, mean-with-equation 

(Pingree 1970-94, A5.166; Pingree 1968, pp. 36-37; Montelle and Plofker 2015) 


Makaranda Saka 1400 (1478 CE) 

Makaranda 

Kast 

Saurapaksa, mean-with-equation 

(Pingree 1970-94, A4.341-343; Pingree 1968, pp. 39-46; Pingree 1973, p. 92; 
Pingree 1981, p. 42; Pingree 2003, pp. 54-59) 
Makarandapaficadngopapatti of Dhundhiraja (fl. 1590) 
Makarandavivarana of Divakara (b. 1606) 
Makarandapaddhatikarika of Harikarna (fl. 1610) 
Abhinavatamarasa of Purusottama Bhatta (fl. ca. 1610) 
Makarandodaharana of Visvanatha (fl. 1612/1630) 
Makarandatippana of MoreSvara (1622 CE) 
Subodhika of Ksemankara Misra (ff. 1632) 
Makarandakarika of Krparama Misra (fl. 1815) 

vasana of Nilambara Jha (b. 18 July 1823) 

uddaharana of Jivanatha Jha (fi. ca. 1846/1900) 
Makaranda-vasana of Gokulanatha 
Makaranda-sdadhana-prakriya of Ciidamani Cakravartin 
tippana of Vinayaka 

commentary of Makhanalala 

commentary of Trivedin 

commentary of Rama 

commentary of Ramadatta 

commentary of Laksmipati 

commentary of Sadasiva 
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MahddevilGrahasiddhi Saka 1238 (1316 CE) 

Mahadeva 

(Gujarat/Rajasthan) 

Brahmapaksa, mean-to-true 

(Pingree 1970-94, A4.374-76, A5.288—-289; Neugebauer and Pingree 1967; 
Pingree 1968, pp. 37-39; Pingree 1973, p. 82; Pingree 2003, pp. 51-54) 
Mahddevi-dipika of Dhanaraja (1635) 

commentary of Divakara (fl. 1578) 


Ravisiddhantamanjari Saka 1531 (1609 CE) 

Mathuranatha 

(Bengal?) 

Saurapaksa, mean-with-equation 

(Pingree 1970-94, A4.349, A5.274; Pingree 1981, p. 43; Pingree 1973, pp. 128- 
134; Jyotisarnava 1911) 


Rdjamrganka Saka 964 (1042 CE) 

Bhojaraja 

Dhara, Western India 

Brahmapaksa, mean-with-equation 

(Pingree 1970-94, A4.256-7; Pingree 1981, p. 34; Pingree 1987b) 


Ramavinoda Saka 1512 (1590 CE) 

Rama 

Mughal court, Kast 

Saurapaksa, mean-to-true 

(Pingree 1970-94, A5.427-428; Pingree 1973, pp. 114-118; Pingree 1981, p. 42; 
Pingree 2003, pp. 69-70) 


Laghukhecarasiddhi Saka 1149 (1227 CE) 

Sridhara 

Khandesa 

Brahmapaksa, mean-with-equation 

(Pingree 1973, pp. 73-6; Pingree 1976; Pingree 1981, p. 42) 


Laghutithidarpana Saka 1587 (1665 CE) 

Murari 

Kast 

Saurapaksa 

(Pingree 1970-94, A4.442; Pingree 1973, pp. 151-153; Pingree 1981, p. 46) 


Sighrasiddhi Saka 1200 (1278 CE) 
Laksmidhara 

(Territory of the Yadavas of Devagiri) 
Aryapaksa/Brahmapaksa 

(Pingree 1973, pp. 76-82; Pingree 1981, p. 44) 
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Siddhantasindhu Samvat 1685 (1628 CE) 

Nityananda 

Agra 

(Pingree 1970-94, A3.173-4, A4.141, A5.184; Pingree 1981, p. 30) 


Subodhasarini Saka 1479 (1557 CE) 

Jayarama 

Alindrapirt 

(Pingree 1970-94, A4.96; Pingree 2003, pp. 61-62) 


Suryasiddhantarahasya_ (1591 CE) 
Raghavasarman 
(Pingree 1984, p. 24) 


Siryasiddhantasarini Saka 1665 (1743 CE) 
(Pingree 2003, pp. 93-94) 


Siryasiddhantasarini/Grahaspastasarani (1748 CE) 
Candrayana 

Mulatana 

(Pingree 1970-94, A3.46, A5.109; Pingree 2003, pp. 94-95) 


Appendix B 
Classification schemata and parameters 


B.1 Astronomical and calendric name-lists 


Fully explaining the complicated nature of traditional Indian luni-solar calendars 
and the challenges they pose for calendar conversion is far beyond the scope 
of this appendix. More detailed discussions can be found in, e.g., Sewell and 
Dikshit (1896), Plofker and Knudsen (2011), and Salomon (1998). As described 
in Section 1.1.4, Indian calendars are for the most part luni-solar, synchronizing 
sidereal years and synodic months; some of their commonly used eras or starting- 
points are noted in Table B.7. Years may be reckoned as strictly sidereal, starting 
from the moment or day of Mesasankranti, the sun’s entrance into the zodiacal 
sign/solar month Mesa (see Table B.1). Or they may be taken to begin at the start 
of a synodic calendar month (see Table B.4), most often, but not invariably, the 
Suklapratipad or new moon of Caitra near the vernal equinox. 

Synodic months may be considered amd@nta, beginning at new moon, or piirni- 
manta, beginning at full moon. An intercalary synodic month or adhimdsa can be 
inserted between any two of the twelve regular calendar months, and is typically 
called by the name of the month it immediately precedes, prefixed with “adhika’’. 
Thus an intercalary month occurring between Asvina and Karttika is adhika 
Karttika, followed by “regular” or nija Karttika, then Margasirsa, etc. 

Depending on the astronomical paksa used, civil days in the calendar may be 
reckoned from sunrise (at Lanka, the zero-point of the terrestrial coordinate system) 
or from midnight. All of these variables including calendar era, beginning of the 
year, month, and day, and sequence of intercalations depend on which of the many 
variants of regional calendars is used in a particular work or calendric calculation. 
Precise Julian or Gregorian equivalents of particular Indian calendar dates are thus 
not always readily obtainable. If the given date includes the current weekday or 
position in the 60-year “Jupiter cycle” (see Table B.8), identification may be easier. 
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Table B.1 Sanskrit terms for the twelve 30° zodiacal signs and associated solar months, their 
classical equivalents, and their initial ecliptic longitudes. The actual celestial position of the signs 
will vary depending on whether the zodiac is considered tropical or sidereal, and the assumed 
location of the tropical or sidereal zero-point of the ecliptic. 


Standard name 
Mesa (ram) 
Vrsabha (bull) 
Mithuna (couple) 
Karkata (crab) 


Simha (lion) 
Kanya (girl) 
Tula (balanc 
VrScika (sco: 


COmAANIHDN PWN 


e) 


rpion) 


Dhanus (bow) 


10 Makara (sea-monster) 
11 Kumbha (water-pot) 
12 Mina (fish) 


Alternative names Classical 

Triya, Aja Aries 0 
Tavura, Go Taurus 30 
Jituma, Nryuj Gemini 60 
Kultra Cancer 90 
Leya, Mrgaraja Leo 120 
Parthona Virgo 150 
Jiika, Vanij Libra 180 
Kaurpi, Ali Scorpio 210 
Tauksika, Capa Sagittarius 240 
Mrga Capricorn 270 
Hrdroga, Ghata Aquarius 300 
Jhasa, Timi, Matsya Pisces 330 


Table B.2_ Sanskrit names for the seven varas or weekdays and their corresponding planets. 


Weekday 

Sunday (Sun) ravi, surya 
Monday (Moon) candra, soma 
Tuesday (Mars) bhauma 
Wednesday (Mercury) buddha 
Thursday (Jupiter) guru 

Friday (Venus) Sukra 
Saturday (Saturn) Sani 


Alternative names 

arka, Gditya, ina, dinakara, bhanu, bhaskara, heli 
indu, mrgdanka, ratrikara, vidhu, §asi 

kuja, mangala 

iia, vid 

indra, brhaspati 

bhrgu, Sukla, sita 


mrdu 


Table B.3 Sanskrit names for 
longitudes. 
naksatra 
1 ASvint 0° 
2 Bharani 13°;20 
3 Krttika 26° ;40 
4 Rohini 40° 
5 Mrgasiras 53°;20 
6 Ardra 66° ;40 
7 Punarvasu 80° 
8 Pusya 93° 20 
9 ASlesa 106°;40 
10 Magha 120° 
11 Pirvaphalguni 133°;20 
12 Uttaraphalgunt 146°;40 
13 Hasta 160° 
14 Citra 173°;20 


the 27 13;20° naksatras and their initial (sidereal) ecliptic 


naksatra 
15 Svati 186°;40 
16 Visakha 200° 
17 Anuradha 213°;20 
18 Jyestha 226° ;40 
19 Mila 240° 
20 Purvasadha 253° ;20 
21 Uttarasadha 266°;40 
22 Sravana 280° 
23 Dhanistha 293° ;20 
24 Satabhisaj 306° 40 
25 Pirvabhadrapada 320° 
26 Uttarabhadrapada 333°;20 
27 Revatt 346° ;40 
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Table B.4 Sanskrit terms for the twelve synodic months of the year and the corresponding six 
seasons. The first column contains the standard month names derived originally from the naksatra 
occupied by the full moon of that month, as Caitra from Citra, Vaisakha from Visakha, etc. The 
second column lists the ancient month names referring to their seasonal characteristics. 


naksatra-derived name Seasonal name Season 
1 Caitra Madhu Vasanta (bright) 
2 Vaisakha Madhava 
3 Jyaistha Sukra Grisma (hot) 
4 Asadha Suci 
5 Sravana Nabha Varsa (rains) 
6 Bhadrapada Nabhasya 
7 Asvina Isa Sarad (ripening) 
8 Karttika Urja 
9 Margasirsa/Margasira Saha Hemanta (winter) 
10 Pausya Sahasya 
11 Magha Tapa Sisira (cool) 
12 Phalguna Tapasya 


Table B.5 Sanskrit names for the sixty fixed (i.e., uniquely numbered) and movable (or cyclic) 
karanas or half-tithis in a synodic month. 


karana 
Hl Kimstughna (fixed) 
2 9 16 23 30 37 44 51 Bava 
3 10 17 24 31 38 45 52 Balava 
4 11 18 25 32 39 46 53 Kaulava 
5 12 19 26 33 40 47 54 Taitila 
6 13 20 27 34 41 48 55 Gara 
7 14 21 28 35 42 49 56 Vanija 
8 15 22 29 36 43 50 57 Visti 
58 Sakuni (fixed) 
59 Catuspada (fixed) 
60 Naga (fixed) 


The tables that follow provide the basic information about Sanskrit astronomical 
and calendric terminology required for identification of (most) dates and positions in 
tables, horoscopes, etc. For the specifics of conversion of a date between Indian and 
Gregorian calendars, we recommend the abovementioned sources and especially the 
online calendar software application “Pancanga” by Michio Yano (cc.kyoto-su.ac. 
jp/~yanom/pancanga). 
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Table B.6 Sanskrit names for the 


27 yogas. 


OmMAANDN FWN 


ee 
r- Oo 


eiiilend 
Ww nN 


A 


yoga 
Viskamba 
Priti 
Ayusmat 
Saubhagya 
Sobhana 
Atiganda 
Sukarman 
Dhrti 
Sila 
Ganda 
Vrddhi 
Dhruva 
Vyaghata 


Harsana 


yoga 
Vajra 
Siddhi 
Vyatipata 
Varilyas 
Parigha 
Siva 
Siddha 
Sadhya 
Subha 
Sukla 
Brahman 
Indra 
Vaidhrti 
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Table B.7 Calendar eras epochs with the equivalent BCE/CE year-numbers and commonly used 


dates of their epochs. 


Era 

Saka, Salivahana 
Vikrama/Vikramaditya Samvat 
Kaliyuga, Kali 

(Islamic calendar) 


Conventional epoch date(s) 
Mesasankranti/Caitra-suklapratipad 78 CE 
Mesasankranti/Caitra-suklapratipad 57 BCE 
Midnight/sunrise Mesasankranti (18 February) 3102 BCE 
1 Muharram AH | = sunset 15 July 622 CE 


Appendix B 


Table B.8 Sanskrit names for the successive years of the 60-year Jupiter cycle. 
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OMAN DN HPWN 


=e 
rr Oo 


il ell tll le 
CONN FW WN 


NY 
i) 


Jupiter year 
Prabhava 
Vibhava 
Sukla 
Pramoda 
Prajapati 
Angiras 
Srimukha 
Bhava 
Yuvan 
Dhatr 
Isvara 
Bahudhanya 
Pramathin 
Vikrama 
Visa 
Citrabhanu 
Tarana 
Parthiva 


Vyaya 


21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
38 
39 
40 


Jupiter year 
Sarvajit 
Sarvadharin 
Virodhin 
Vikrta 
Khara 
Nandana 
Vijaya 

Jaya 
Manmatha 
Durmukha 
Hemlamba 
Vilamba 
Vikarin 
Sarvari 
Plava 
Subhakrt 
Krodhin 
Visvavasu 
Parabhava 


41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
58 
59 
60 


Jupiter year 
Plavanga 
Kilaka 
Saumya 
Sadharana 
Virodhakrt 
Paridhavin 
Pramadin 
Ananda 
Raksasa 
Anala 
Pingala 
Kalayukta 
Siddharthin 
Raudra 
Durmati 
Dundubhi 
Raktaksa 
Krodhana 
Ksaya 


Table B.9 Sanskrit names and abbreviations for planetary synodic phenomena. 


Phenomenon 


West rising, reappearance 
Retrogradation, first station 
West setting, disappearance 
East rising, reappearance 
Direct motion, second station 
West setting, disappearance 


Sanskrit term 
udaya pascima 
vakra 

asta paScima 
udaya pirva 
marga 


asta purva 


Abbreviation 
u pa 

va 

apa 

u piu 

ma 


apu 


Greek symbol 


1S) 
a 


® (sup. planets) W (inf. planets) 


Q 
r 


W (sup. planets) ® (inf. planets) 


x 
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B.2 Parameter sets of the paksas 


The values of mean daily motion listed in the following tables (B.10-B.14) are 
truncated at the ellipsis rather than rounded to the nearest integer sexageximal 
digit. These parameter sets are modeled on the similar tables presented by Pingree 
(1978a), but recomputed from the original data in the cited published editions. 


Table B.10 Aryapaksa parameters derived from Aryabhattya, daSagitika 3-4 (Shukla 1976, p. 6). 
Aryapaksa 
Length of period: mahayuga = 4,320,000 years 
Civil days in period: 1,577,917,500 
Year length: 365;15,31,15 days 
Epoch: sunrise 


Planet Revolutions Mean daily motion 

Sun 4,320,000 0°;59,8,10,13,3,31... 
Moon 57,753,336 13°;10,34,52,39,18,56... 
Lunar node —232,226 —0°;3,10,44,7,49,44... 
Lunar apogee 488,219 0° ;6,40,59,30,7,38... 
Mars 2,296,824 0°;31,26,27,48,54,22... 
Mercury’s sighra 17,937,020 4° ;5,32,18,54,36,24... 
Jupiter 364,224 0° ;:4,59,9,0,38,51... 
Venus’s Sighra 7,022,388 1°;36,7,44,17,4,45... 
Saturn 146,564 0°;2,0,22,41,41,32... 


Table B.11 Ardharatrikapaksa parameters derived from Khandakhddyaka 1.8-10, 13-14 (Chat- 
terjee 1970, pp. 49-50, 91-92). 

Ardharatrikapaksa 

Length of period: mahdayuga = 4,320,000 years 

Civil days in period: 1,577,917,800 

Year length: 365;15,31,30 days 

Epoch: midnight 


Planet Revolutions Mean daily motion 
‘Sun 4,320,000 0°;59,8,10,10,37,48... 
Moon 57,753,336 13°;10,34,52,6,50,56. .. 
Lunar node —232,226 —0°;3,10,44,7,41,54... 
Lunar apogee 488,219 0°;6,40,59,29,51,10... 
Mars 2,296,824 0°;31,26,27,47,36,54. .. 
Mercury’s sighra 17,937,000 4°;5,32,17,45,23,13... 
Jupiter 364,220 0°;4,59,8,48,36,56. .. 
Venus’s Sighra 7,022,388 1°;36,7,44,13,7,53... 


Saturn 146,564 0°;2,0,22,41,36,36... 
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Table B.12 Brahmapaksa parameters derived from Paitamahasiddhanta III.5 (Pingree 1967-8, 
p. 478), Brahmasphutasiddhdnta 1.14—22 (Dvivedi 1901-1902, pp. 5-7). 


Brahmapaksa 

Kalpa length: 4,320,000,000 years 

Civil days in a kalpa: 1,577,916,450,000 
Year length: 365;15,30,22,30 days 


Epoch: sunrise 


Planet 


Revolutions 


Mean daily motion 


Sun 4,320,000,000 0°;59,8,10,21,33,30... 
Moon 57,753,300,000 13°;10,34,52,46,30,13... 
Lunar node —232,311,168 —0°;3,10,48,20,6,41... 
Lunar apogee 488,105,858 0°;6,40,53,56,32,54. .. 


Mars 


Mercury’s sighra 


2,296,828,522 
17,936,998,984 


0°;31,26,28,6,47,45. .. 
4°;5,32,18,27,45,31... 


Jupiter 364,226,455 0°;4,59,9,8,37,23... 
Venus’s stghra 7,022,389,492 1°;36,7,44,35,18,27... 
Saturn 146,567,298 0°;2,0,22,51,43,56... 


Table B.13 Saurapaksa parameters derived from Siryasiddhdnta 1.29-33, 37 (Pandeya 1991, 


pp. 7-8). 


Saurapaksa 


Length of period: mahdyuga = 4,320,000 years 
Civil days in period: 1,577,917,828 
Year length: 365;15,31,31,24 days 


Epoch: midnight 


Planet Revolutions Mean daily motion 
Sun 4,320,000 0°;59,8,10,10,24,12... 
Moon 57,753,336 13°;10,34,52,3,49,8... 
Lunar node —232,238 —0°;3,10,44,43, 10,4... 
Lunar apogee 488,203 0°;6,40,58,42,31,5... 
Mars 2,296,832 0°;31,26,28,11,8,56... 
Mercury’s sighra 17,937,060 4°;5,32,20,41,51,16... 
Jupiter 364,220 0°;4,59,8,48,35,47... 
Venus’s Sighra 7,022,376 1°;36,7,43,37,16,52... 
Saturn 146,568 0°;2,0,22,53,25,46... 
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Table B.14 The mean daily motions have been derived from Grahalaghava 1.6-8 (Josi 1994, 
p. 18). Their source is GaneSa’s prescribed dhruvas, namely, the complement up to 360° or 360°- 
remainder of the longitudinal excess over complete revolutions for each of the planets per 4016-day 
interval. To recompute the mean daily motions, we have added this excess to the appropriate integer 
number of complete revolutions and divided the sum by 4016. As these dhruvas are precise only 
to arcminutes (arcseconds in the case of the sun and the moon), the resulting mean daily motions 
are only approximate. 


GaneSapaksa 

Planet dhruva Mean daily motion 
Sun 0° 1°;49,11 0°;59,8,10,10,... 
Moon 0° 3°;46,11 13°;10,34,52,4,... 
Lunar node TS 2°;50 —0°;3,10,47,12,... 
Lunar apogee 9S 2°:45 0°;6,40,55,16,... 
Mars 1° 25°;32 0°;31,26,28,26,. .. 
Mercury’s sighra 4S 3°;27 4°;5,33,57,32,... 
Jupiter 0° 26°;18 0°;4,59,8,0,... 
Venus’s Sighra 1° 14°;2 1°;36,9,17,34,... 
Saturn 7 15°;42 0°;2,0,23,18,... 


Appendix C 
Sanskrit technical terms 


C.1 The Sanskrit alphabet 


The table in Figure C.1 lists the aksaras or syllabic phonemes of the Classical San- 
skrit alphabet in ndgart script, transliterated according to the IAST (International 
Alphabet of Sanskrit Transliteration) system. The traditional ordering of the aksaras 
from a to h proceeds in this phonetic array from left to right and from top to bottom. 
The glossary in Section C.3 follows this alphabetical order. 

In our transliterations we also employ three additional symbols common in the 
ndagart script: the avagraha’ indicating an elided initial a-vowel, the anusvara m 
standing in for any of the nasal consonants, and the visarga h representing a final s. 
The single danda | and double danda || are the standard punctuation marks. 


C.2 Technical vocabulary for tables 


Most of the terms listed in Section C.3 are part of the standard technical vocabulary 
of jyotisa, and are defined and explained in detail in many editions of Sanskrit 
treatises. In this section we explore in more depth the use of a few specialized terms 
pertaining especially to table-text works. 


C.2.1 Names for table-text compositions 


There appears to be no single standard Sanskrit word for an astronomical table text. 
Although individual tables vary greatly in content and format, there seems to be no 
systematic distinction between those called kosthaka and those called sarani. Nor 
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Vowels Simple vowels | 3 SAT FS = Ss nh DR SE EG 
aa i tr u wu sr Fr id id 
Diphthongs U v ay ait 
e aio au 
Consonants  Velar nh Ugatadqts 
k kh g gh 
Palatal gt & FA A 
c ch j jh on 
Retroflex ¢ fs S$ & VF 
t th d dh o 
Dental qa ¢9g F 
t th d dh on 
Labial GT &® GF YU FA 
p ph b bh m 
Semivowels Yt @ F 
y l oev 
Sibilants ay a 
$ $s  §$ 
Aspirate e 
h 
Fig. C.1_ The aksaras of the Sanskrit alphabet. 
12 3 4 5 6 7 8 9 O 
9 2 3 ®@ & & © € 8 © 


Fig. C.2. Modern standard forms of ndgari decimal numerals. 


have we found any clear pattern of nomenclature among authors or commentators 
to denote a set of astronomical tables regarded as a book in its own right, as opposed 
to an individual kosthaka or sarani table itself.! 


'The secondary literature tends to follow the flexible approach of the sources themselves. Pingree, 
for example, references the Sanskrit table-text genre sometimes by the term sdrani (Pingree 1968, 
p. 3), sometimes by kosthaka (Pingree 1981, p. 41), and sometimes just as “astronomical tables” 
with no Sanskrit equivalent (Pingree 1973). In manuscript catalogues he tends to use kosthaka as 
the subject category for this type of texts, but individual works may be called by either name or 
neither. The word kosthakakara (Pingree 1981, p. 44) appears to be Pingree’s own coinage; at least 
we have not seen it elsewhere. Poleman (1938) refers to such works as “tables.” Sarma and Sastry 
(2002) list several works whose titles contain words such as sdrani, kosthaka, and vakya, but do 
not designate a separate genre in jyotisa for them. 
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Table C.1 Usage examples for kosthaka/kostha. 


kosthaka/kostha meaning| Example source 


Table text (in title) 


Individual table/tables 


Table cell/cells 


Mahddevi, Smith Indic MB 4946 
LXI f. 91, colophon 


Candrarkt, Jaipur Khasmohor 
5247 f. 10v, colophon 
Brahmatulyasdarani, verse 4 
(Montelle and Plofker 2015, 

pp. 11-12) 

Tithicintamani, UPenn 390 1859, 
f. 12v 

Jagadbhisana, Poleman 4869, 

f. Ir, title 

Brahmatulyasdarani, verse 6 
(Montelle and Plofker 2015, 

pp. 16-17) 

Candrarki, verse 8, RORI 5482 
f. 2r 

Candrarki, verse 12, RORI 5482 
f. 2v 

Jagadbhisana, verse 1.19, LDI 
6182 f. lv 


Karanakesart, 1.3 (Montelle and 
Plofker 2013, p. 17) 


Table C.2 Usage examples for grantha. 


Example source 


Excerpt 


281 


Excerpt 
iti Srimahddevikosthaka 
sampurnah 


iti camdrarkitkostaka sampirnam 


kendrasya doramSamiti§ ca koste 


iti suryamahanaksatrakosthakani 
samkramanakosthakani samaptani 


jagadbhisanasamjnakasya 


| jyotirgranthasya kosthakani 
| bhdgankasamkhydgatakostakam 


tasya nddya gatir nighnd taraner 
nijakostaja 

tau yuktau nijakostesu yavat 
kostamitir bhavet 
granthabdavrndam 
nijacakramityda bhajet tatah 
Sesamitankakoste 

mitaih kosthakair argulddih sarah 
syat 


Makaranda, Vyasa 12/30 Bodleian 


f. 21v, colophon 


Jagadbhisana, verse 1.19, LDI 6182 


f. lv 


Jagadbhisana, LDI 6182 f. 5v, colophon 
Mahddevi, JVS 70 1103 f. 13v, table title 
Visnu Daivajiia commentary on 


Brhattithicintamani (see Section 5.6.3) 


(Apate 1942a, p. 1) 


iti Srisaurapakasityamakaramdagramthah sampurnah 
granthabdavrndam nijacakramitya bhajet 
sampirno yam jagadbhisanasamjnako gramthah 


mahddevigramthe siryaspasta avadhamukhe pamktih 


brhaccintamanisamjiam grantham 


kosthaka. The word kosthaka (frequently spelled with a non-aspirated dental 
consonant kostaka) and its variant kostha seem to be used interchangeably to 
designate a table text, an individual table within a table text, or a cell within an 
individual table. See Table C.1. 


grantha. The general term grantha or “book” is very commonly used by scribes 
in colophons to mean the work they have just finished copying, irrespective of what 
its specific textual genre may be. This usage is sometimes applied to table texts as 
well, as illustrated in Table C.2. 
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Table C.3. Usage examples for pattra/patra. 
Example source Excerpt 
Candrarkt, verse 1, RORI 5482 f. lv ... vaksye stiryacandrodbhavam ca | patram 
paticangabhidham 
Ganitaciidamani, verse 114 (Pingree | kutithalad rajamrgdankad va asddharat 
1989, p. 32) khecarasiddhitas tu || paiicangapatrad vidadhita .. . 


Table C.4_ Usage examples for sdrini/sarani. 


Example source ee 7 | Excerpt ; _ 
Brahmatulyasarani, Smith Indic 29, f. 6v, colophon | iti brahmatulyasdranislokah 
Brahmatulyasdrani, Jaipur Khasmohor 5253(a) iti Srikarnakutuhalasadranyah 
f. Ir, colophon 


Subodhdasarani, Jaipur Khasmohor 5519, f. Av, 
colophon 


iti subodhasdrani samaptah 


Makaranda, RORI 5498 f. 45v, colophon 
Makaranda, Nepal 5.5639 f. 11, title page 


Grahalaghavasarini of Nilakantha, verse | 


samapteyam makaramdasya sarani lisatu 
atha makarandasarini pradrabhyate 


... grahalaghavasarini kriyate 


(Pingree 2003, p. 80) 

Grahalaghavasarini of Prema, verse | (Pingree 
2003, p. 88) 

Jaipur Pundarika Jyotisa 48 f. 3r, colophon and 
Jaipur Pundarika Jyotisa 47 f. 3v, colophon 
(Pingree 2003, p. 93) 


nilakanthena ... 

premo grahartham grahalaghavasya 
laghukriyam saranikam prakurve 

iti Srijyotisarayakevalaramakrta 
pamcamgasarani 


pattra/patra. This term, literally meaning “leaf, folio,” is widely used by scribes 
and cataloguers in titles or headings of individual tables or small sets of tables, 
apparently used as standalone reference works concerning a particular astronomical 
quantity. They generally pertain to calendrics and timekeeping. Some other exam- 
ples of its usage are shown in Table C.3. 


sarani/sarini. This word appears in the title of works to indicate a table-text 
compilation, and also references individual tables. See Table C.4. 


C.3 Glossary of Sanskrit terms 


amsa “part”; degree; fractional part 

aksa terrestrial latitude 

anka number, numeral, digit; word-numeral 9 

anga “limb”; ascendant; word-numeral 6 

angula “finger-breadth”; (linear) digit, unit of linear measure for quantities 


such as lunar latitude or disk diameter, equivalent to about three arc- 
minutes (see Chapter 2, Note 9) 

atha “now”; frequently used to begin table titles 

adhimasa _ intercalary month 

adhyaya chapter 
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antara 
antardasa 


apa 
a pu 
abda 
abdapa 


arka 
avadhi 
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difference, distance; interval for linear interpolation 

in astrology, subdivision of a dasa, life-stage, the division of the 
native’s life into periods related to the planets 

abbreviation of asta-pascima 

abbreviation of asta-purva 

year 

“lord of the year”; the excess measured in integer and fractional days 
by which a sidereal year exceeds 52 integer weeks or 52 x 7 = 364 
days; the weekday beginning the year 

Sun; word-numeral 12 

14-day interval; the time required for the mean sun to traverse 
13;20° or one naksatra in longitude, a little less than 14 days (see 


Sections 2.3.2 and 5.4.1) 


Example source 


Grahasiddhi, 7, RAS Tod 24 f. lv 


Excerpt 
kramenavadhayo ’bdader manubhir manubhir 
dinaih 


Jagadbhisana, verse 2.2, LDI 6182 f. 2r_ | caturdasahantaritah samesakdle sphuta bhavadhisu 


avastha 


astakavarga 


asta 
asta-paScima 


asta-purva 


ahargana 
agama 
indu 

ucca 
utkramajya 


uttara 
udaya 
udaya-pascima 


udayapirva 


grahah syuh 


“situation, status”; in astrology, a particular characteristic 
of a planet 

“vyarga of eight’; in astrology, a system for determining 
the effects of planets’ positions and ascendant upon one 
another 

setting 

“west setting”; acronycal setting of a planet, last visibility 
in the west; see Table B.9 

“east setting’; heliacal setting of an (inferior) planet, last 
visibility in the east; see Table B.9 

accumulated days between a given epoch and a given date 
“lore”; used in book titles 

“drop”; Moon 

“high”; orbital apogee; in astrology, exaltation 

Rvers of an arc/angle, equivalent to the difference 
between the trigonometric radius R and the Rcos of 
the arc 

north 

“rising”; heliacal rising of a planet; ascension 

“west rising”; acronycal rising of an (inferior) planet, first 
visibility in the west (see Table B.9) 

“east rising”; heliacal rising, first visibility in the east (see 
Table B.9) 
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udayantara/yataphala “‘rising-difference’’; a time correction due to the difference 
between an arc of mean solar longitude on the ecliptic and 
its right ascension (see Section 2.1.5) 

unnata “elevation”; complement of the zenith distance nata; arc 
of celestial equator corresponding to time since sunrise or 
until sunset 

unmilana moment of emersion in an eclipse, the end of totality 

u pa abbreviation of udaya-pascima 

upakarana/upakarna offset in mean longitude for the beginning of the current 
year (see Section 5.6.3); computational technique (see 
Section 5.2) 

upari “above”; argument value, specifically at top of table col- 


Example source 
Karanakesari, RORI 12792 f. 2r, title 
Karanakesari, RORI 12792 f. 2v, title 


umn 


Excerpt 
... avadhyoparih. . . 


... atha camdrachinnadmguloparicamdrasya 
madhyasthiti. . . 


Brahmatulyasdrani, Smith Indic 43 f. 12r, title | sighrakemdramSopari-sukrasya sighraphalam 


u pu 
ra 
esya 


katapayadi 
kanda 


karana 
karna 


kala 
kali/kaliyuga 


kalpa 


kuja 
krsnapaksa 


ketu 


kendra 


abbreviation of udaya-pirva 

subtractive; decreasing, negative (see Section 3.2.1) 

“future”; next table entry, as opposed to gata or previous entry, 
in interpolation procedure (see Section 2.2.1) 

alphanumeric notation for representing numbers 

“bulb, root”; in the Makaranda, a calendar day/time correspond- 
ing to a mean time-unit (see Table 5.7) 

astronomical handbook; a time interval equal to half a tithi 
hypotenuse; geocentric distance of planet (see Sections 2.1.2 
and 2.1.3) 

arcminute 

last and worst division of a mahdyuga; the present age; a 
historical era with epoch 3102 BCE (see Table B.7) 

time interval equal to 4,320,000,000 years; lifetime of the 
universe 

Mars 

“dark half”; half of a synodic month from full moon to new 
moon 

lunar node; descending node; the ninth of the celestial bodies or 
navagraha 

orbital anomaly or arc between mean longitudes of planet 
and orbital apogee (see Sections 2.1.2 and 2.1.3); time offset 
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between the end of some astronomical cycle and the start of a 
year (see Section 5.2) 


koti complement of an arc/angle bhuja; upright side of a right 
triangle 
kotiphala scaled R sin of the complement of an arc/angle 


kostha/kosthaka _ set of tables, a table, a tabular cell; numerical entry in a tabular 
cell; see Section C.2.1 

kranti declination, angular distance north or south of celestial equator 

ksepa additive quantity; constant difference; epoch offset in mean 
longitude, epact, etc. 


Example source Excerpt 
Candrarki, verse 4, RORI 5482 ff. 1v—2r Sako vihino gaganabhraghasraih nighno 
gunaih ksepayuto dhruvah syat 
Mahddevi, BORI 497 f. 8v, table title guro kosthaka saksepda sabija 
Grahajndna, RAS Tod 36e f. 4r, paratext ksepakabijasamskaravina 
Laghukhecarasiddhi, verse 4 (Pingree 1976, p. 4) | ksepanvitah 
Grahasiddhi, verse 21, RAS Tod 24 f. Iv nadgagnyarkona sakaghna gunah ksepayuta 
dhruvah 
khanda “portion”; increment, difference between two successive 
values 
khecara “sky-mover”; planet 
gata “past”; previous table entry, as opposed to esya or next entry, 
in interpolation procedure (see Section 2.2.1) 
gati “motion”; velocity; mean amount of ascension per degree of 
the corresponding zodiacal sign (see Section 4.5) 
gatiphala planetary velocity-correction due to orbital equation (see 
Sections 2.1.2 and 2.1.3) 
gamya “future”; next table entry in interpolation procedure (see 
Section 2.2.1) 
guccha “blossom, flower, shrub”; in the Makaranda, the calendar 
day/time of an initial mean time-unit (see Table 5.7) 
gunaka multiplier; longitudinal increment to be multiplied by a 
number of time-units 
guru “heavy, great’; great, long; teacher; Jupiter; in prosody, 
heavy syllable 
grha “house”; in astrology, an astrological house 
gocara planet; in astrology, transit 
gomitra/gomitrika a multiplication technique 
gola “sphere”; spherics; armillary sphere 
grantha book, work; see Section C.2.1 
graha planet 
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ghati/ghatika 
ghati 


cakra 


catustayaikya 


candra 
cara 


carakarana 


carakhanda 
calaka 
calana 
cintamani 
ciidamani 
chaya 
janma 
janmapattra 
jataka 

jwa 

jiiana 

Jya 

Jyotisa 
ippana 
tattva 
tantra 
tajika 


tithi 
trimsamsa 
traikya 


daksina 
danda 
darpana 
dasa 


dina 
dinamana 
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time-unit equal to one-sixtieth of a day or 24 minutes 
sixtieth; a “sexagesimorion” or 6° arc-unit interval in longi- 
tude (see Sections 4.2.3 and 5.4.1) 

“cycle”; cycle, period of some number of days/years/unit 
of measure; especially a period of 4016 days or nearly 
11 years (see Section 4.1); in astrology, a diagram with 
astrological/divinatory significance 

“sum of four’; the combination of the wudaydantara, 
bhujantara, cara, and desantara time-corrections (see 
Section 2.1.5) 

Moon 

“variable”; the half-equation of daylight; ascensional differ- 
ence 

“movable karana’’; the sequence of seven karanas or half- 
tithis that repeats eight times in a synodic month (see 
Table B.5); see also sthirakarana 

ascensional difference 

interval for linear interpolation 

interval for linear interpolation 

“thought-jewel”; used in book titles 

“crest-jewel’; used in book titles 

shadow; tangent 

in astrology, birth, nativity 

in astrology, birth-chart, nativity horoscope diagram 
“nativity”; in astrology, genethlialogy/horoscopes 
“bow-string”; sine; chord 

knowledge; used in book titles 

“bow-string”; sine; chord 

“astral sciences”; calendrics, astronomy, astrology 
commentary 

truth, reality, essence; used in book titles 

astronomical treatise; model; system 

in astrology, a type of genethlialogy adapted from Ara- 
bic/Persian sources 

lunar day, one thirtieth of a lunar month 

in astrology, subdivision of a zodiacal sign into thirty 

“sum of three”; the combination of the udaydantara, bhuja- 
ntara, and cara time corrections (see Section 2.1.5) 

south 

vertical stroke; punctuation mark 

mirror; used in book titles 

“condition, period of life’; in astrology, a life-stage, the 
division of the native’s life into periods related to the planets 
day; “day” of a planet, i.e., time from its rising to setting 
length of daylight 
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dipika “lamp, illumination”; used in book titles 

drsti “sight”; in astrology, aspect 

desantara “place-difference”; a time-correction to account for terres- 
trial longitude (see Section 2.1.5) 

dreskana in astrology, subdivision of a zodiacal sign into three 

dvadasamsa in astrology, subdivision of a zodiacal sign into twelve 

dvisamskrti “two corrections”; equation of time or the combination of 
the udaydntara and the bhujdntara corrections (see Sec- 
tion 2.1.5) 

dhanam increasing; additive, positive (see Section 3.2.1) 

dhruva/dhruvaka “fixed [quantity]”; linear increment; epoch offset for desired 
year (see Sections 4.1 and 5.2.1); oblique ascension (see 
Section 4.5); 

Meaning Example source Excerpt 

Epoch offset for Candrarki, verse 4, RORI 5482 | sako vihino gagandabhraghasraih 


desired year 


ff. lv—2r nighno gunaih ksepayuto dhruvah syat 


Grahasiddhi, verse 6, RAS Tod _ | suddhyabdesagunadhruvau 
24 f. lv 


Cumulative oblique | Grahalaghavasarini, Smith dhruva 
ascensions Indic 26 f. 5r, row heading 
Epact complement | Grahajfidna, verse 6 (Pingree svakiyair dhruvakair vihina 
1989, p. 6) 
Tithicintamani, verse 5 Suddhih khasatSodhitanadika syat 
(Ikeyama and Plofker 2001, tithidhruvo ... 
pp. 264-5) 
dhruvanka inthe Grahalaghava, a term referring to the epoch offset for the 11- 


naksatra 


nata 


nati 
navamsa 
navagraha 


nddifnadika 
nimilana 


year cycle; the number of completed 11 year cycles since the epoch 
(see Section 5.6.1) 

“star, constellation’; one of the 27 constellations in the moon’s path; 
a 13°;20 arc of the ecliptic; the time it takes the moon to travel 13°;20 
in longitude (see Section 2.3.2 and Table B.3) 

“depression”; zenith distance, complement of the elevation unna- 
ta; arc of celestial equator corresponding to time before noon (in 
morning) or since noon (in afternoon) 

latitudinal parallax 

in astrology, subdivision of a zodiacal sign into nine 

“nine planets”; in astrology, the group of celestial bodies comprising 
the two luminaries, the five star-planets, and the ascending and 
descending lunar nodes 

time-unit equal to one-sixtieth of a day or 24 minutes 

moment of immersion, beginning of totality in an eclipse 


288 Appendix C 


nica “low”; perigee; in astrology, dejection 
paksa “wing”; synodic fortnight or period of 15 tithis bounded by new and 
full moon; astronomical school 
pankti “row”; one table in a set of tables of a given quantity 
Example source Excerpt 
Jagadbhisana, verse 2.2, LDI 6182 f. 2r, verse Sesamitankapanktyam 
Karanakesari, RORI 12792 f. 1r/v, table title extracts |... labdhapamkti. . .sesapamkti. . . 


Mahddevi, JVS 70 1103 f. 13v, table title mahddevigramthe siiryaspasta 


avadhamukhe pamktih 


Grahajnana, verse 8 (Pingree 1989, p. 7) tattulyapanktyamSarah sphutas te 


pancanga “five-limbed”; calendar, almanac; specific ephemeral text 
created for a particular year tracking successive varas, ti- 
this, naksatras, yogas, and karanas; see Section C.2.1 

pattra/patra “leaf, folio/page”; a table or set of tables particularly con- 
cerning calendrics or corrections to time; see Section C.2.1 

paddhati manual; path, course, line; used in book titles 

parvan instant of syzygy; an eclipse 

parvesa in astrology, deity assigned to a specific eclipse 

pala time-unit equal to one-sixtieth of a ghatika, or 24 seconds 

patt “board”; computation text; arithmetic 

pata see mahapata 

pada “foot’; one fourth; a quarter-verse 

pinda “lump”; cumulative value as a sum of khandas 

prakasa “light”; elucidation, explanation; used in book titles 

prati every, per, for each 

pratikosthaka “for each table entry” 

prabodha awakening, knowledge; used in book titles 

prasna “question”; in astrology, interrogation 

prana “breath”; time-unit equal to one-sixth of a vighati/vighati- 
ka 

phala result; astronomical equation or correction, esp. equation 
of anomaly; interval for linear interpolation 

barhaspatya Jupiter cycle, “Jovian years” 

bahu “arm”; arc or angle; horizontal side of a right-angled 
triangle 

bija “seed”; a small correction to adjust astronomical parame- 
ters; algebra 

bindu “dot, spot, drop”; in astrology, a symbol indicating 
malefic/benefic impact 

buddha Mercury 

brhaspati Jupiter 
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bhava 
bhukta 


bhukti 
bhuja 


bhujaphala 


bhujantara 


bhitasamkhya 
bhiisana 
bhoga 

bhogya 


bhauma 
manijart 
mandala 
madhya 


madhyama 
manda 


mandanka 


marda 
mahapata 
mahayuga 
ma 
manasa 
marga 


mala 
masa 
mitra 
muhiurta 


mrganka 
yantra 


yataphala 
yamya 
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in astrology, astrological house 

“elapsed”; a past time interval; gata or previous table entry 
in interpolation 

(daily) velocity 

“arm’’; an arc or angle; table argument measured in units 
of arc; an arc reduced to the first quadrant; horizontal side 
of a right triangle 

scaled Rsin of an arc/angle; second component of the 
equation of time correction (see Section 2.1.5) 
[positional] arc-difference’”’, a time-correction due to lon- 
gitudinal difference between mean and true sun (see Sec- 
tion 2.1.5) 

word-numeral system for representing numbers 
ornament, decoration; embellishment; used in book titles 
“advance”; mean longitudinal displacement 

“advance, future”; mean longitudinal displacement; esya 
or next table entry in interpolation 

Mars 

blossom; used in book titles 

“circle”; orbit; cycle, as in a planetary synodic cycle 
“middle”; mean; midpoint of any interval, such as the day 
(noon), an eclipse, a mahapata, etc. 

mean 

“slow”; relating to planetary eccentric anomaly (see Sec- 
tion 2.1.2) 

“manda-number”; scaled manda-equation (mandaphala) 
values (see Table 5.8) 

half-duration of totality of an eclipse 

a particular symmetric configuration of the sun and moon 
“great age’; time interval equal to 4,320,000 years 
abbreviation for marga 

spirit, mind; used in book titles 

“path, on course”; period of direct motion of a planet; 
second station (see Table B.9) 

garland; used in book titles 

month 

“friend’’; in astrology, friendship between planets 
“moment”; time-unit equal to one-thirtieth of a day or 
48 minutes; catarchic astrology or the identification of 
auspicious moments for particular actions 

“deer-marked’”; Moon 

“instrument”; astronomical instrument; in astrology, a dia- 
gram with astrological/divinatory significance 

see udaydntara 

south 
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yatra 


yuga 
yoga 


yojana 
ratna 


ramala 
ravi 

ratri 
ratrikara 
ramabija 
rasi 
rasi-bheda 
rahu 
rekha 


lagna 
laghu 


lanka 
lankodaya 
laksana 


labdha 
lambana 
va 

vakra 


varga 
varsesa 
valana 


vallt 


vakya 
vatika 


vara 
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in astrology, determination of auspicious times for military 
operations, a branch of catarchic astrology 

era; time cycle 

“sum, conjunction, combination”; interval of time 
in which the sum of the solar and lunar longitude 
increases by 13°;20 (see Table B.6); in astrology, various 
configurations of planet, house, and aspect 

unit of distance, on the order of 1/5000 of earth’s circum- 
ference 

“jewel”; in divination, the determination of auspicious 
characteristics of gems; used in book titles 

geomancy, a form of divination 

Sun 

night 

“night-maker”’; Moon 

see bija 

“heap”; a quantity/amount; zodiacal sign; a 30° arc 
“dividing of signs”; in astrology, subdivision of the zodiac 
lunar node; ascending node; eclipse 

“line”; in astrology, a symbol indicating malefic/benefic 
impact 

ascendant; ascension 

“easy, light’; easy, simplified, short; designation for abbre- 
viated/condensed version of a text/rule/set of tables (see 
Section C.2.1); in prosody, light syllable 

Lanka; zero-point of terrestrial longitude and latitude 
“rising at Lanka’; right ascension 

“mark, sign’; a branch of astrology concerning the inter- 
pretation of marks on the body 

“obtained”; quotient from division; result of operation 
longitudinal parallax 

abbreviation for vakra 

“reverse”; period of retrograde motion of a planet; first 
station (see Table B.9) 

in astrology, subdivision of the zodiac 

“lord of the year”; the excess measured in integer and 
fractional days that a sidereal year exceeds a year of fifty- 
two 7-day weeks 

angle of deflection associated with eclipses 

in the Makaranda, increments to linearly increasing quan- 
tities such as civil days or lunar anomaly (see Table 5.7) 
“sentence’’; numerical data verbally encoded in katapayadi 
in the Makaranda, mean longitudinal displacement (see 
Table 5.7) 

weekday 
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vastu 


vikala 
vikrama/vikramdditya 
viksepa 
vighati/vighatika 
vitribhalagna 


vidyadhart 
vidhu 
vinddi/vinadika 
vinoda 

vipala 

vilagna 


vivarana 
vivaha 


vivrti 
viveka 
vaidhrti 


vyangula 
vyatipata 


Saka 
Sanku 
Satru 
Sani 
Sara 
Sasi 
Sakuna 


Santi 
Salivahana 
Siromani 
Sighra 
Sighranka 


Sukra 
Sukla 


291 


“house, building”; in divination, determination of auspi- 
cious features of buildings; geomancy, the interpretation 
of patterns formed from scattered rocks/soil 

time-unit equal to one second; an arcsecond 

designation for Samvat era (see Table B.7) 

lunar latitude 

time-unit equal to one-sixtieth of a ghati, or 24 seconds 
“ascendant less three signs”; nonagesimal or midpoint of 
the ecliptic semicircle above the horizon 
“knowledge-bearer”’; used in book titles 

Moon 

time-unit equal to one-sixtieth of a nddi, or 24s 
amusement, pastime, diversion; used in book titles 
time-unit equal to one-sixtieth of a pala/vighatit 
nonagesimal or midpoint of the ecliptic semicircle above 
the horizon 

explanation; commentary 

“marriage”; in astrology, determination of auspicious 
times for marriage, a branch of catarchic astrology 
commentary 

investigation, knowledge, discussion; used in book titles 
one of the two mahapdatas or symmetric configurations of 
sun and moon 

unit of measurement equal to one-sixtieth of an avigula 
one of the two mahdapdatas or symmetric configurations of 
sun and moon 

historical era beginning in 78 CE (see Table B.7) 

“stick”; gnomon; R sin of altitude 

“enemy’’; in astrology, enmity between planets 

Saturn 

“arrow”; planetary latitude, esp. lunar; word-numeral 5 
“containing a hare”; Moon 

“bird”; in astrology, ornithomancy or the interpretation of 
bird behavior 

in astrology, an act to ward off the impending ill-effects of 
an omen/forecast 

alternative name for Saka era (see Table B.7) 
“crest-jewel”; used in book titles 

“fast”; relating to planetary synodic anomaly (see Sec- 
tion 2.1.3) 

“sighra-number”’; scaled sighra-equation value (see 
Table 5.9) 

Venus 

Venus 
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Suklapaksa 


Suklapratipad 
Suddhi 

Sesa 

samvat 


samvatsara 
samhita 
samkranti 
samdhi 
sanna 


sama 
sammilana 
sadhana 

samudrika 


sdrani/sarint 
siddhanta 
siddhi 
siiksma 
surya 

soma 
saumya 
saurabha 


sthana 
sthiti/sthityardha 
sthirakarana 


sthila 
sparsa 
spasta 
sphuta 
svapna 


svara 


hasta/hasta-rekha 
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“bright half”; half of the synodic month from new moon 
to full moon 

beginning of a synodic month 

epact 

“remainder”; remainder from subtraction or division 

for samvatsara, year; historical era beginning in 57 BCE 
(see Table B.7) 

year 

in astrology, an omen; divination from omens 

solar transit or solar entrance into signs or naksatras 

in astrology, a junction between houses 

(Arabic) “year”; usually signifying a foreign calendar 
system such as hijart or Gregorian 

“equal, same’; in astrology, neutrality between planets 
moment of immersion in an eclipse, beginning of totality 
accomplishment; demonstration; computation 

in astrology, physiognomy and palmistry/chiromancy, or 
the interpretation of bodily marks/features/expressions 

set of tables, a table; see Section C.2.1 

astronomical treatise; doctrine 

attainment; determination 

accurate 

Sun 

Moon 

north 

in the Makaranda, corrections due to anomaly (see 
Table 5.7) 

a significant figure; a place or digit in a sequence of digits 
half-duration of, e.g., an eclipse, a pata 

“fixed-karana’; one of the four karanas or half-tithis 
occurring around new moon (see Table B.5); see also 
carakarana 

“coarse, rough’; approximate value 

moment of first contact in an eclipse 

accurate; true 

accurate; true 

“sleep, dream”; in astrology, oneiromancy or the interpre- 
tation of dreams 

“sound, tone, noise”; in astrology, pneunomancy or the 
interpretation of breathing 

“hand, palm’; in astrology, palmistry or the interpretation 
of lines (rekhda) on the hand; a unit of linear measure 
equivalent to the length of the forearm or 24 angulas 
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hayana 
hara 
hijart 
hrti 
hora 
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in astrology, anniversary horoscopes 

divisor 

Islamic calendar 

divisor 

(Greek) “hour”; in astrology, horoscopy, also subdivision 
of a zodiacal sign into two; time-unit equal to | hour or 
1/24 of a day 
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permission to reproduce the image shown in Figure 4.32. 

RAS Tod Tod Collection, Royal Asiatic Society, London, UK. See Barnett 
(1940). We thank this institution for permission to reproduce the images shown 
in Figures 3.7, 4.7, 4.16, 4.19, 5.3, and 5.11. 

RORI_ Rajasthan Oriental Research Institute, Jodhpur, India. See Rajasthan 
Oriental Research Institute (1963-2007). We thank this institution for permission 
to reproduce the images shown in Figures 3.1, 3.3, 3.5, 3.8, 3.10, 3.11, 3.12, 3.13, 
4.17, 4.21, 4.23, 4.29, 4.37, 4.38, 4.41, 4.42, 4.43, 4.45, 4.46, 4.47, 4.52, and 
4.53. 

Smith Indie Smith Indie Collection, Columbia University, New York, USA. See 
Plofker (2007). We thank this institution for permission to reproduce the images 
shown in Figures 2.15, 2.17, 3.2, 3.4, 3.9, 3.11, 3.14, 3.15, 3.16, 3.18, 4.2, 4.5, 
4.9, 4.11, 4.12, 4.13, 4.14, 4.22, 4.28, 4.31, 4.35, 4.70, 4.71, 4.72, 4.73, 5.5, 5.6, 
5.8, 5.10, 5.12, 6.6, 6.7, 6.8, and 6.9. 

SRCMI Sri Ram Charan Museum of Indology, Jaipur, India. See Sharma (1986- 
1994). We thank this institution for permission to reproduce the image shown in 
Figure 4.25. 

Tokyo Tokyo University Library, Tokyo, Japan. See Matsunami (1965). We thank 
this institution for permission to reproduce the images shown in Figures 4.27 and 
4.66. 

UC MB = Macmillan Brown Collection, University of Canterbury Library, 
Christchurch, New Zealand. See University of Canterbury Macmillan Brown 
Library (n.d.). We thank this institution for permission to reproduce the images 
shown in Figures 4.67, 4.68, and 4.69. 
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UPenn Collection of Indic Manuscripts, Kislak Center for Special Collections, 
Rare Books and Manuscripts, University of Pennsylvania, Philadelphia, USA. 
See University of Pennsylvania Rare Book and Manuscript Library (n.d.). We 
thank this institution for permission to reproduce the images shown in Figures 
4.44, 4.56, 4.57, 4.58, 4.61, 5.19, and 5.20. 

Vyasa Vyas-Weisz Collection, Bodleian Library, Oxford University. See 
Minkowski (2010). 


Many staff members at the above-mentioned institutions gave us invaluable 
assistance with obtaining copies and copyright permissions for manuscript images, 
for which we are very grateful. We are also deeply indebted to Benno van Dalen 
and AJ Misra who kindly allowed us to consult their copies of manuscripts or 
procured copies for us. Finally, we would like to express our hearty thanks to the 
John Hay Library at Brown University and its librarians, especially Timothy Engels 
and William Monroe, for their generous assistance in consulting manuscript copies 
in the David E. Pingree Collection. 
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